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~) UMBER THIRTY-THREE in POWER’S series of 

“special sections, this one tells how to buy and burn 
fuels and how to figure their combustion—in all, 32 pages 
of practical information on fuel selection and burning. 

“How to Figure Combustion”, the first division, breaks 
precedent by giving the answer ahead of the reasons—a 
device to save the time of busy readers. Then, for those 
who want to understand “why”, it presents a streamlined 
textbook on the chemistry and arithmetic of combustion. 
The four articles in this section are “theory”—practical 
theory designed for dollar-saving application. 

Next, moving from laboratory to actual boiler furnace, 
the four articles of “How to Burn Fuels” show what really 
happens when commercial fuels are burned on fuel beds 
and in suspension—also gives the practical slant on smoke, 
flyash and cinder. 

Taken together, these two divisions cover half the 
problem: how to use fuel right. But that is not enough; 
the engineer dare not overlook the additional dollars to 
be saved by intelligent fuel selection. Millions of words 
have been written on this subject, so many, in fact, that 
most engineers would be licked before they started if they 
should attempt to review all the valuable literature of the 
subject. Here in 14 pages, including convenient charts, 
maps and tables, they will find a practical foundation for 
their fuel-buying operations. 

How important is all this? The answer is found in 
America’s bill for steam fuel. Eliminating all fuel supplied 
to ships, locomotives, domestic heating, coke making, 
etc—considering only that used to generate steam in the 
power boilers of central stations, industrials, institutions 
and large buildings—this bill (for Btu delivered to the 
boiler room) is around $800,000,000 per year. Of this 
fuel much less than half is scientifically purchased and 
burned; the larger portion is bought by hunch or custom, 
and burned with substantial preventable waste. Conserva- 
tively speaking, at least $80,000,000 of this total would 
be saved if all plants bought and burned as well as those 
who do the job best. 


If power men, with better and more available informa- 
tion, go only a tenth of the way toward this goal, salvage 
as little as one per cent of their fuel bill, the national 
saving will be $8,000,000 yearly. 

In a game where the stakes are of this order, or higher, 
the power engineer, who controls the spending of the 
$800,000,000, has ample incentive to study his cards and 
play them shrewdly. 
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to Figure Combustion 
Fig 
15 
4 
FOR THEORETICAL AIR from heat value of 
coal as fired. (Note: All charts in this article are com- ae ? 
puted on the basis of the following median values for eit4 m 3 
the ratio of available hydrogen to carbon, with no f Oo 
correction for sulphur: Anthracite 0.03, Bitu- A “ 
minous 0.05, Fuel Oil 0.15, Natural Gas 0.30.) nN 4 
may be used for bituminous, semi- AZ ' 10 3 
bituminous, sub-bituminous, lignite ay 
and wood. The “Natural Gas” My 1 9¢ 
lines, however, should be 
used for natural gas only 8 ‘ 
consisting mainly of 
methane 
4 
£ 
5 
4 
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Heat Value, Thousand Btu per Pound 


Like cake, the “easiest way to solve a problem is generally reserved for the last—-a 
reward for the student who has first learned the hard way. Here we reverse the pro- 
cedure by starting with the short cuts, which show how to get quick answers to the more 


important combustion problems—answers close enough for every-day records 


INTRODUCTORY article as- 

“* sumes that the reader: (1) is a 
busy man, (2) wants practical answers 
to combustion problems in a hurry, (3) 
knows the heat value of his fuel (and 
preferably, but not necessarily, the ash 
and moisture also), (4) has no complete 
fuel analysis, (5) is satisfied with a 
degree of accurary close enough to 
guide everyday operation. 

It is also assumed that he has the 
equipment to measure flue-gas tempera- 
ture and CO.. (Determination of CO 
and Q. also is helpful, but not ab- 
solutely essential). The method is best 
explained by working out an actual 
problem, using: data: 
Kind of Fuel. coal 
Heat value, as fired. ...13,800 Btu 
Room temperature........ 80 F 


Flue temperature......... 520 F 

Flue-gas analysis: 
10.2 
0.6 
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In the following steps all weights 
(except where otherwise noted) are 
per pound of coal “as fired”, not per 
pound of “dry” coal. (See “As Fired 
vs Dry”, page 60). 


Theoretical Air Fig. = 
10.3 


Water in ace gas comes from three 
sources: (1) water originally in coal, 
(2) water produced by burning of 
available hydrogen in coal, and (3) 
moisture in air supplied. Of these we 
shall actually figure only (2), which is 
generally five or ten times as much as 
(1). We shall not attempt to figure 
(3), which is unimportant from the 
angle of -day 


Water Produced ay: Avail- 
able Hydrogen (From Fig. 2) 
= 0.35 Ib. 

BAA 
Since original moisture in coal is not 
known in this case, we shall assume it 
to be 0.05 Ib. Any error in this assump- 

tion will be of little practical im- 


portance in figuring the moisture heat 
loss (except with lignite, wood and 
very wet 


Total Water of Coal 
= 0.35 Ib + 0.05 Ib = 0.40 Ib. 


Gas Analysis & Excess Air 

Add CO: and 4 CO to get 10.2+0.3= 
10.5%. Applying this value to Fig. 3B. 
we arrive at 75% excess air. Fig. 3B 
shows that, for this CO. and CO, the 
O. should be about 9.2%. This last 
checks with the actual O, found by 
analysis, and indicates that the analysis 
is consistent for bituminous coal. If the 
CO, only is known, and the CO is be: 
lieved to be zero or negligible, enter 
chart 3B with the CO. value to get the 
excess-air rceentage. 


Actual he = = “175% of theoretical 
= 1.75 x 10.3 = 18.0 Ib. 


Practically speaking, everything fed 
to the furnace ultimately goes up the 
stack or into the ashpit. Therefore, to 
get the total weight of flue gas (per Ib 
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of coal fired) add 1 Ib (of coal) to the x) i oe 
air supplied, and subtract the ashes Ry Bl22 
produced per lb of coal. Note the dis- Ly, _iay 
tinction between “ashes” and “ash”. 
The latter is determined by chemical yo 2.0 
anaylsis of the coal; the “ashes” are 
whatever goes to the ashpit. C 
When coal is burned, the “ashes” ( 1.8 
contain all this ash, plus some unburned 17 
coal. Thus the ashes are always greater 
than the ash (unless some ash is lost o 
up the stack). Fortunately, the ashes 18 2 
correction for the flue gas is not im- 43 
portant. An error of 50% in the ashes ~ % 
allowance will affect the total flue gas 3a 
less than 1% usually. For practical pur- a 12 8 
poses it will be close enough (for any Ly = 
bituminous or anthracite coal) to as- 
sume 0.2 lb ashes for this purpose. an 10 3 
Then: a 
Total Flue Gas = Air + Coal — 7 
Ashes = 18.0 + 1 — 0.2 = 18.8 Ib. ih 
ms] 
Dry Flue Gas = Total Flue Gas — 06 3 
Water Produced = 18.8 — ee 
0.40 = 18.4 Ib. - 
MAAAAAAAAAA 0.4 
02 
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3 _— CHARTS FOR PERCENTAGE EXCESS AIR and for checking con- 
sistency of flue-gas analysis. Enter at left with CO.+14 CO (or with CO, 
alone, if CO is not known, and is probably negligible). Move right to curve 
marked “CO.+14 CO”, then down to scale reading percentage excess air. To 
check consistency of flue-gas analysis, move left from the intersection of 
vertical line and curve marked “O.”. The corresponding reading of OQ. on 
left scale should be nearly the same as the O, shown by analysis. Otherwise 
suspect error in analysis 
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Largest loss in steam generation is 
in “heating up the sky” by the sensible 
(perceptible) heat in the dry flue gas. 
This loss is proportional to the amount 
of dry gas and to the degrees it is 
heated above room temperature. 
Sensible Heat Loss in Dry Gas = 

Weight Dry Gas x Temp Rise 
x Specific Heat = 18.4 x 


‘ae 


rounded off to the nearest 10 Btu. The 
method doesn’t warrant closer figuring. ) 


Moisture Loss 


The water in the coal as fired and the 
water produced by burning available 
hydrogen in the coal must be heated to 


2—cHART FOR MOISTURE PRO. 
DUCED by combustion (of available H. 
in fuel) from heat value of coal as fired 
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(520 — 80) X 0.25 = 2020 Btu a 
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4 cHART FOR INCOMPLETE COMBUSTION LOSS. Enter at lower left with percent CO. Move vertically to sum “CO.+CO”, 
right to kind of fuel, and down to scale showing loss expressed as a percentage of total heat of fuel as fired 


212 F, then evaporated, then super- 
heated to the flue-gas temperature. The 
following formula gives the heat re- 
quired to put 1 lb of water through these 
steps, starting with room temperature 
of 80 F. No appreciable error is intro- 
duced if the same formula is used for 
room temperatures from 60 to 100 F. 


Moisture Heat Leos per Lb Wa- 
ter = 1000 + % Flue Temp = 
1000 + 260 = 1260 Btu 


Moisture Heat Loss per Lb Coal 
= Loss per Lb Water x Lb 
Water per Lb Coal = 1260 x 
0.4 = 500 Btu 


The loss due to incomplete combus- 
tion of the carbon to CO (rather than 
to CO;) is obtained directly as a per- 
centage of the total heat in the fuel: 
Enter Fig. 4 at lower left with percent 
CO (0.6). Move straight up to slanting 
line marked sum of CO, and CO (10.8). 
Move right to line marked “Bitumin- 
ous”. Move down to read percent loss 
on lower right-hand scale. 

Incomplete Combustion Loss (Fig. 
4) =3.2% 


Heat Balance 


To get a clear picture of what is 
happening to the coal dollar, the fore- 
going answers should be set up, along 
with the boiler efficiency (as determined 
by direct test), in the form of a heat 
balance. First make out form as shown 
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below and fill in the known items, thus: 


Btu. % 
Dry-gas loss (sensi- 
ble heat) 14.6 
Moisture loss ..... 3.6 
Incomplete combus- 
tion loss .... 440 
Unaccounted losses. 570 3=4.2 
Total losses ....... 3530 25.6 
Useful heat ....... 10,270 


Heat in coal on fired 


To make the operations clear, we 
have entered in red the items originally 
known, and in black those easily de- 
rived. Following shows how black items 
are filled in: 


Dry-gas loss, % = 2020 + 13,800 = 
14.6% 


Moisture loss, % = 500 + 13,800 = 
3.6% 


Incomplete combustion loss, Btu = 13,- 
800 x 0.032 = 440 Btu 


Total losses, % = 100 — 74.4 = 25.6% 


Useful heat, Btu = 0.744 x 13,800 = 
10,270 Btu 


Total losses, Btu = 13,800 — 10,270 = 
3530 Btu 


Unaccounted Btu = 3530 — (2020 + 
500 + 440) = 3530 — 2960 = 
570 Btu 


Unaccounted, % = 25.6 — (14.6 + 3.6 
+ 3.2) = 25.6 — 214 = 4.2% 


The unaccounted losses of 4.2% in- 


clude in this case chiefly the following: 
(1) the undetermined loss of carbon 
to the ashpit, (2) the undetermined 
radiation loss from furnace and boiler, 
(3) the cumulative error (plus or 
minus) of all data and computations. 


Carbon Loss 


Carbon loss to the ashpit is usually 
figured from an analysis of the coal and 
of the ashes. This article assumes that 
no analysis of either is available. If the 
percent ash in the coal as fired is known, 
the carbon loss can be figured directly 
from measurements of coal fired and 
ashes produced. To _ illustrate, let’s 
assume the following data: 

Ash in coal as fired (by analysis) is 
7.4%. Ashes produced per lb of coal 
fired is 0.096. Then the ashes from each 
lb of coal fired must contain 0.096 — 
0.074 = 0.022 lb of combustible ma- 
terial. Since this will be pretty well 
“cooked”, figure it as pure carbon, 
14,600 Btu per lb. Then, carbon loss = 
0.022 x 14,600 = 320 Btu. 

This method cannot be used where 
substantial amounts of carbon are lost 
up the stack (in certain cases with pul- 
verized fuel and with stokers on heavy 
forced draft). 

Where carbon loss is figured it 
should, of course, be inserted in the heat 
balance, reducing the “unaccounted” 
losses by that amount. 


“As Fired” vs “Dry” 


The operator is interested in the heat 
value and analysis of his coal as it is 
fired. The “as fired” analysis and heat 
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value will vary with the moisture. The 
moisture, in turn, is constantly chang- 
ing during mining, shipping and stor- 
ing. Thus chemists and coal men some- 
times prefer to quote the analysis of dry 
coal and give the moisture separately. 

However, all of the foregoing com- 
putations, and all the charts in this sec- 
tion, are based on coal “as fired”. If 
the coal data in hand is on the dry 
basis, it must first be converted to the 
“as fired” basis. This requires knowing 
the percentage of water in the coal as 
fired. The analyses on page 73 will 
give some basis for such an estimate. 

To illustrate the method of con- 
verting, let’s assume that the coal on 
the “dry” basis has 12.4% of ash and 
12,700 Btu per Ib. If the moisture in the 
coal “as fired” is 4.5%, the conversion 
constant will be 1.00 — 0.045 = 0.955. 
Multiply the dry-basis figure by 0.955 
to get the “as fired” figures. Working 


The 


the other way, from “as fired” to “dry” 
basis, divide by the same constant. 

These shortcuts are designed for the 
engineer who wants his answer and 
wants it quick and whose technical 
resources are limited. The combustion 
technicians of the large power plants, 
and other who make elaborate boiler 
tests and studies, have all the para- 
phernalia for a complete analysis of 
combustion conditions based on chem- 
ical mathematics. We can’t be of much 
help to them. 

Some of the men in smaller plants, 
after mastering the short cuts shown, 
will want to learn the elements of com- 
bustion chemistry and how to figure 
combustion problems from the complete 
analysis, using orthodox chemical 
methods throughout. Such an_ under- 
standing will be particularly helpful 
when burning certain types of gaseous 
and waste fuels where’ empirical 


methods and rule of thumb are apt to 
fall down. 


The pages immediately following are 
designed to make these matters clear. 


In presenting these combustion short 
cuts we owe an explanation to the experts 
who will be down our necks for some of 
the assumptions made. Here are some 
possible questions and our answers: 

Q—From a study of your charts it is 
evident that you assume both theoretical 
air and moisture produced by the avail- 
able hydrogen in the fuel are directly 
proportional to the heat value of the coal. 
This might be permissible if you used a 
special constant for each grade of fuel. In 
fact, however, you use one constant for 
anthracite, one for fuel oil, one for 
natural gas and just one to cover semi- 


bituminous, bituminous, sub-bituminous 
and lignite and wood. 
A—True. Nevertheless the charts and 


formulas will give values for heat losses 
within 2% of the fuel’s heat value 
(generally closer) for practically any fuel 
within the given classifications. 

Q—Why not work each case directly 
from the analysis of the coal? 

A—The majority of small and medium 
sized plants have no facilities or funds 
for getting either a reliable sample or a 
reliable analysis of the coal. A ‘‘perfect’”’ 
method is no good if you can’t use it. 


Groundwork facts for the man whose chemistry is rusty, plus reference data for everybody 


F ALL THE CHEMICAL ELE- 

MENTS, only the five listed in 
Table I enter commercial combustion 
problems. Of these five, the first three 
are combustibles, the first two are solid 
combustibles. Oxygen is not com- 
bustible, but will support the combus- 
tion of the first three. Nitrogen is 
inert—neither combustible, nor a sup- 
porter of combustion. 


Atomic Weights 


Since the hydrogen atom is the light- 
est, its weight is called “one” so that 
it can be a weight unit for the others. 
Since a carbon atom weighs 12 times 
as much as a hydrogen atom, its atomic 
weight must be 12. Where an element 
is a gas, its molecule contains two 
atoms (note the symbols H., O, and 
N. in Table I), so the molecular weight 
must be double the atomic weight. 

In the case of the elements that are 
solids (here, carbon and sulphur) the 
number of atoms in a molecule is un- 
known, so we simply write the atomic 
formulas: C and S. 


Chemical Compounds 


All the compounds of combustion are 
combinations of some two of these five 
elements. Those of primary concern in 
the burning of coal are shown in Table 
II. 

The formula for sulphur dioxide, 
SO., shows that its molecule contains 
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TABLE I—ELEMENTS ENTERING COMBUSTION PROBLEMS 


Atomic 

Name Symbol weight 
Carbon....... Cc 12 
Sulphur...... S 32 
Hydrogen... .. H 1 
Oxygen....... O 16 
N 14 


Nitrogen...... 


one atom of sulphur (weighing 32) 
and two atoms of oxygen (each weigh- 
ing 16). These add up to the mole- 
cular weight of 64. 

These four are the only possible true 
products of combustion, although they 
may be mixed with many others (such 
as nitrogen, oxygen, unburned fuel 
gases, etc) as they leave the combus- 
tion. Hydrocarbons (compounds of 
carbon and hydrogen—some gaseous, 
some liquid, some solid) are found in 
commercial fuel oils and gases, and to 
some extent in coal and wood also. 
Examples are methane (CH,), acety- 
lene (C.H.), ethylene (C.H,), ethane 
(C.H.). More about these on page 62. 


Combustion 


Combustion may be defined as the 
rapid combination of oxygen with an 
element, compound or mixture, accom- 
panied by the evolution of heat. What- 
ever combines with oxygen is the 


Molecular Common 
Molecule weight state 
Solid 
Solid 
H, 2 Gas 
O, 32 Gas 
N; 28 Gas 


combustible. If the combustible is 
completely consumed, combustion is 
“complete.” If combustion is complete 
with no excess of unused oxygen, com- 
bustion is “perfect.” Note the differ- 
ence. 


Basic Combustion Equations 


A simple example of combustion is 
the combining of hydrogen gas with 
oxygen gas to make water. The equa- 
tion might be written: 


H: + 0 = H:O 


but this is not good practice, because 
the elemental gases should always ap- 
pear in these equations as complete 
molecules of two atoms each. This is 
taken care of here by doubling both 
sides to read: 


2H2 + O2 = 
Weights: (4 + 32 = 36 
part + 8 parts = 9 parts 
1 + = 
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TABLE II—COMPOUNDS OF PRIMARY CONCERN IN BURNING COAL 


Molecular Most common 
Name Symbol weight state 
Carbon dioxide.......... co, 44 gas — non combustible 
Carbon monoxide........ co 28 gas — combustible 
Sulphur dioxide.......... so. 64 gas — non combustible 
18 liquid — non combustible 


TABLE III—HEAT QUANTITIES FROM COMBUSTION 


Reaction Heat 
62,000 Btu 


One Btu is the heat required to raise the temperature of one pound of 
water 1 deg F. (Average from 32 F to 212 F). 


Note that atoms balance on both Formula for incomplete combustion of 


sides of the equation. Note that carbon to CO is: 

weights also balance. 

Formula for complete combustion of =2co 

hon to COs is: Weights: | 24 + 32 = 56 

— i 1 part + 11/3 parts = 2 1/3 parts 
c + O02 = CO; 1lb + 1.33 Ib = 2.33 

Weights: {12 + 32 = 44 
1 part + 2 2/3 parts = 3 2/3 ts 
+ 2.67Ib = 3.67 Formula for combustion of CO to CO, 


Many combustibles and combustion products are gases, 
often most conveniently measured and figured by volumes. 
Here is a simple statement of the volumetric physics and 
chemistry of combustion, with data for solving problems 


yew LL OF THE basic chemistry of 

_» the preceding article was in terms 
of weights. A knowledge of volume 
relations is almost equally important 
because all of the combustion products, 
and many combustibles, are gases. 

Physics gives us three basic laws of 
gases, all important—the laws of 
Charles, Boyle and Avagadro. 


Charles’ Law 


Cartes’ Law: I/f a given weight of 
gas is kept at constant pressure, its 
volume will be proportional to its abso- 
lute temperature. Thus, if you double 
the absolute temperature you double 
the volume. Absolute temperature = 
deg F + 460. 
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Problem: What will happen to the 
volume of 400 cu ft of gas if the tem- 
perature is raised from 60 F to 600 F 
without change of pressure? 

Solution: Original absolute tempera- 
ture is 60 + 460 = 520. Final abso- 
lute temperature is 460 + 600 = 1060. 
Ratio is 1060 + 520 = 2.04, so final 
volume = 2.04 x 400 = 816 cu ft. 


Boyle’s Law 


Boyte’s Law: If a given weight of 
gas is kept at constant temperature, its 
volume will be inversely proportional 
to the absolute pressure. Thus, if you 
double the pressure, without changing 
the temperature, you cut the volume 
in half. Absolute pressure is gage pres- 


2CO +0 = 2CO:z 
Weights: (56 + 32 = 88 

1 part + 4/7 parts = 14/7 parts 

+ 0.57 lb = 1.57 lb 


Formula for combustion of sulphur to 


SO, is: 


Ss + 02 = SO: 
Weights: {32 + 32 = 

l part + 1 part = 2 parts 

1lb + IIb 


Other Formulas 


The foregoing formulas are those of 
interest, as far as weights are con- 
cerned, in the burning of coal and oil. 
For the sake of completeness, and for 
references when studying commercial 
gas fuels, the following are added for 
the more common hydrocarbon gases: 


Methane 
CH: +20: =CO: + 
16 + 64 = 44 + 36 
1lb + 41b = 2.75 + 2.25 lb 
Acetylene 
2C:-H2 + 502: = + 2H:0 
52 + 160 = 176 + 36 


1lb + 3.08 lb = 3.39 lb + 0.69 Ib 


Ethylene 
302 = 2CO. + 2 HO 
28 + 96 = 88 + 36 


1lb + 3.42 lb = 3.14 lb + 1.28 Ib 


Ethane 
702 = 4CO: + 6H:0 
60 + 224 = 176 + 108 


+ 3.73 Ib = 2,93 1b + 1.8 Ib 


Fig. 1—Weight of 1 mol is molecular 
weight in pounds 


sure plus 14.7 lb per sq in. (at stand- 
ard sea-level barometric pressure). 

Problem: What will happen to 400 
cu ft of gas at 10 lb g if the pressure is 
raised to 80 lb g without changing the 
temperature? 

Solution: Original absolute pressure 
is 10 + 14.7 = 24.7 lb per sq in. Final 
absolute pressure is 80 + 14.7 = 94.7. 
Then, ratio is 94.7 + 24.7 = 3.83, so 
final volume = 400 + 3.83 = 153.2 
cu ft. 

Most practical men “sense” Charles’ 
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law and Boyle’s law in a general way. 
They know that gas expands if the 
temperature rises, contracts if you in- 
crease the pressure. Avagadro’s law 
is almost as useful as Charles’ and 
Boyle’s, but less widely understood. 

AvacabRo’s Law (STATEMENT 1): 
At given pressure and temperature all 
gases have the same number of mole- 
cules per cubic foot. 

Avacapro’s Law (STATEMENT 2): 
At given pressure and temperature the 
weight of one cubic foot of any gas is 
directly proportional to its molecular 
weight. 

Statement 2 follows directly from 
Statement 1. Now if the volume is 
picked right the number expressing the 
actual weight in pounds will be ex- 
actly the same as the number express- 
ing the molecular weight. For standard 
conditions (60 F and 14.7 lb absolute), 
this volume will be 379 cu ft. 


The “Mol” 


This quantity of any gas, whether you 
express it in pounds or as 379 cu ft at 
standard conditions, is called one 
“pound mol,” or, for short, simply one 
“mol.” 

Thus a mol of hydrogen is 2 lb of 
hydrogen (since the molecular weight 
of H, is 2). Likewise a mol of oxygen 
(O.) is 32 lb, and so on for all gases. 
(Note: The weight of a mol is not af- 
fected by changes of pressure and tem- 
perature, but the volume does change— 
thus at 32 F and 14.7 lb absolute, the 
volume of a mol is 359 cu ft.) 

By simple algebra the laws of 
Charles, Boyle and Avagadro can be 


combined into a single formula relat- - 


ing pressure, volume and temperature 
for any gas. If you remember this 
formula and the molecular weights, you 
can figure gas volumes and weights 
entirely without tables. Here is the 
formula: 
PV = KT, where 

K = 10.7 + molecular weight 

P = absolute pressure, lb per sq in. 

V =volume of 1 |b of the given 

gas, cu ft 
T = absolute temperature 


For convenience this can be written 
in the following three ways: 


(1) Pressure = K X temperature + 


volume 

(2) Volume = K X temperature + 
pressure 

(3) Temperature = pressure X 


volume ~ K 

(In all of the foregoing, remember 
that temperature and pressure must be 
absolute.) 

Problem: Without referring to any 
tables, find the volume of 1 lb of nitro- 
gen at atmospheric pressure and 60 F. 

Solution: 

Absolute pressure = 0 + 14.7 = 

14.7 lb abs 
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Fig. 2—The combustion equations in terms of volumes (mols). In every case the 
number of mols is the same as the coefficient of the molecule. Carbon and sulphur 
mols (white spots) follow the weight rule of all mols, but not the volume rule 


Absolute temperature = 60 + 460 
= 520 deg 

For nitrogen, K = 10.7 + 28 
0.382 


Volume = K X temperature + 
pressure = 0.382 xX 520 + 14.7 
= 135 


Since this was figured for standard 
pressure and temperature, let’s check 
the volume of one mol by multiplying 
by 28, thus: 28 xX 13.55 = 379 cu ft 
(checks). 

Here are two more convenient 
formulas: 

At 60 F and 14.7 lb absolute, 

Volume of 1 Ib of gas = 379 + 

molecular weight 

Weight of 1 cu ft of gas = molecular 

weight 379 

Fig. 2 shows all the more common 
combustion reactions in terms of vol- 
umes. Note that the formulas are the 
same as shown on page 60. Volume of 
each gaseous substance is directly pro- 


portional to the number of its mole- 
cules in the equation. Thus two mole- 
cules of CO combine with one molecule 
of O. to produce two molecules of CO.. 
Also two volumes of CO combine with 
one volume of O, to make 2 volumes 
of CO.. Also (since the mol is a unit 
of volume, 379 cu ft under standard 
conditions) two mols of CO combine 
with 1 mol of O. to make 2 mols of 
CO.. Finally, any time we wish, we 
may turn the mols right back again 
into pounds, thus: 


2 X 28 lb of CO + 32 lb O, = 2 X 
44 lb CO, 
56 lb CO + 32 lb O. = 88 Ib CO, 


Clearly, the mol is extremely con- 
venient when figuring combustion prob- 
lems involving the analysis of flue 
gases or of fuel gases, as you can con- 
veniently work in either volumes or 
weights and change back and _ forth 
quickly. 

Note that the weight of a mol of CO, 


(779) 63 
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79 Mols Ne 


21 Mols C02 


79 Mols No 


21 Mols | 21 Mols| 
02 C02 

T 


&7Mols| 8.7 Mois 
02 C02 

| — Mols 

79Mols |— “E79 Mois 
Ne Nz 


Fig. 3—This is what happens to volumes when air “burns”. For the top row, 
where the fuel contains 


percentage of excess air (O2 and CO. 


3.6Mols 
co 
8.7 8.7 Mols 
C02 
10.5Mols 10.5 Mols 
02 02 
79 Mols 
Ne 


no nitrogen and where no CO is produced by combustion, 


where carbon is the only combustible in the fuel, 
any of the following formulas will give exact 
represent percentages by volume in the flue gas): Formula 1: % Excess Air = 100 x O. — 
(21 — O:). Formula 2: % Excess Air = 100 x (21 — CO.) x 100. These formulas are in error whenever the fuel contains 
available hydrogen. See comparison with exact method shown in the bottom row 


0 
7 Excess Air From 02=0+(21—0) =O0% Excess From 02 = 10.5+(21—10.5)=100% Excess Air From 
- Condenses MMMM condenses 
4 
> ° é fe) Condenses\ 
13.0Mols| 13.0 Mols| % 15.5 Mols before 
° 
4 02 C02 02 analysis / | 
t 
HYDROGEN INCOMPLETE COMBUSTION OF PURE CARBOK, OF FUEL CONTAINING CARBON COMPLETE COMBUSTION OF PURE NYOROGEN, 
EXCESS AIR 70.7% EXCESS AIR ! COMPLET (OF PURE GEN, 
analysis, essuming 100% = 100 cv ft) (From complete gas analysis, assuming 100% =100 ft) complete gas analysis, assuming 100% 
"Oxygen supplied = 80.44x21/79 = 21.40 wht Oxygen supplied =77.61x21/79= 20.62 gen supplied = 79.95x21/79= 
Excess oxygen = 10.70 cu tt 2.25 wh Oxygen supplied = 93.5221/79= 2485 wh : 
we Apparent excess oxygen = 5.67 cw ft Excess | 
Teve Excess Air = 10.70 = (21.40 — 10.70) = 100% Oxygen required to complete burning of (0 oxygen = 6.5 cuit 
From (02 Alone = (21 — 8.86) + 8.86 = 137% excess oxygen = 5.67 —0.61 = 5.06 wh Excess Air From Oxygen Alone = 6.5 (21 —6.5) = 
Ge Excess Air From Oxygen Alone = 10.31 = (21—10.31) Excess Air From Oxygen Alone = 5.67 = (21—5.67)=37% 


is always 44 lb, regardless of pressure 
or temperature. Its volume is 379 cu 
ft at 14.7 lb abs and 60 F, also 359 
cu ft at 14.7 lb abs and 32 F. 

How about mols of the two solids 
encountered in combustion — carbon 
and sulphur? A mol of carbon is ex- 
actly 12 lb, and a mol of sulphur 
exactly 32 lb. Obviously, however, a 
mol of carbon at standard pressure is 
not 379 cu ft because it is not a gas. 
In the case of carbon and sulphur, 
therefore, consider the weight of the 
mol, but not the volume (which is of 
no concern anyway). To make this 
clearer, the mols of carbon and sul- 
phur in Fig. 2 are represented by white 
spots rather than by cubes. 

Another joker is H.O, water. Water 
vapor is a gas, an imperfect gas that 
follows the gas volume formula 
roughly at high temperatures. When 
flue gas is analyzed the H,O condenses 
to a liquid so that none of its volume 
shows up in the analysis. 


“Burning” Air 


In combustion we say that the fuel 
“burns” and the oxygen “supports 
combustion.” It is just as logical, and 
sometimes more convenient, to say that 
the oxygen burns and that the uniting 
substance (hydrogen, carbon, etc) sup- 
ports its combustion. This viewpoint is 
particularly helpful when studying the 
meaning of flue-gas analysis. 

Fig. 3 shows seven examples of ways 
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in which air can “burn” to flue gas, 
both air and flue gas being pictured in 
terms of volumes (mols). The air in 
every case has 79 parts by volume of 
nitrogen and 21 parts by volume of 
oxygen. Call it 79 mols of nitrogen and 
21 mols of oxygen. 

In every case the 79 mols go through 
to the flue gas unchanged. In No. 1 
carbon is perfectly burned without ex- 
cess air. The 21 mols of oxygen pro- 
duce 21 mols of CO., and we get the 
analysis shown: 21% CO., no O:, no 
CO and 79% Nz. Here the volume of 
flue gas (both reduced to 60 F and 14.7 
lb abs) is the same as the volume of 
air, so the mols in the flue gas add up 
to 100. In this case the mols of each 
constituent are the same as the per- 
centages of the flue-gas analysis. 

In No. 2, with the same pure carbon 
fuel, and also with complete combus- 
tion, we split the 21 mols of oxygen 
into two equal portions, 10.5 mols burn- 
ing to CO and 10.5 mols going un- 
burned to the flue gas. Obviously the 
excess air is 100%. In this case the 
excess air can be figured without error 
from the CO, and O, in the flue gas 
or from the CO, alone or the O, alone, 
as shown at the bottom. 

In No. 3 pure carbon is burned with 
less excess air. Here 13.0 mols of oxy- 
gen burn to 13.0 mols of CO. and 8 
mols of oxygen are unburned excess. 
Here the exact percentage of excess air 
is unused oxygen + used oxygen = 


Then correct answer accordingly. 


8 + 13 = 61.5%. Here, also, the 
percentage of excess air can be fig- 
ured exactly from either the CO, in 
the flue gas or the O, in the flue gas 


- as shown at the bottom. 


It must not be assumed, however, 
that the percentage of excess air can 
be figured exactly from CO, or O, in 
flue gas alone when burning commer- 
cial fuels. If the fuel contains any 
available hydrogen, or if the flue gas 
contains any CO, an error is intro- 
duced. 

No. 4 illustrates the hydrogen error, 
No. 5 the carbon monoxide error, No. 
6 the combination of the two errors, 
and No. 7 illustrates the extreme case 
of pure-hydrogen fuel where no CO, is 
produced, making the CO, analysis en- 
tirely useless. 

In each of these cases the exact per- 
centage of excess air can be figured 
from the complete gas analysis, as 
shown. In each a fair approximation 
of excess air can be figured from the 
oxygen in the flue gas and a rougher 
approximation (except for No. 7) from 
the CO.. Note that the CO, method 
shows very serious errors for high- 
hydrogen fuels. 

In every case the oxygen burning 
with hydrogen produces double its 
volume of water vapor, but this con- 
denses so that it does not show up in 
the flue-gas analysis. Oxygen burning 
to carbon monoxide also doubles in 
volume, but does not condense. 
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Fig. 4-CHART FOR COMBINED GAS LAWS. For 1 Ib of gas there are four related Cu Ft per Lb Degrees I 
variables, plotted on the four numbered scales as follows: Scale 1: Mecular weight 100 5 F Abs 
(common gases spotted); Scale 2: Pressure; Scale 3: Specific volume; Scale 4: Tem- 90 5 3500 +4000 fee 
perature. Dotted line shows solution of problem: Gas—hydrogen; Temperature 80 4 = aa bes 
—70 F; Pressure—7 Ib g; Specific volume—? = 129 cu ft by chart 70 
+3000 
Pressure 60 — 2500 
Lb Per Sq In. } 2000 42500 
50> 
cale 
Gas Molecular 1500 P 2000 
15 
Methane-»—- 
Vapor J q 
95 
Acety ene, 
AE 5 
Oxygen 
Corbont. 
dioxide 
9 
r 60 *NOTE 1: For hydrogen, and no other gas, a molecular weight 10 times the actual is 
= 2 used to bring it on chart. Hence the 12.9 cu ft read is multiplied by 10 to give the 8 
+ 70 correct 129 cu ft 1 
NOTE 2: The line connecting values on Scales 1 and 4 must intersect lines connecting 
{ values on Scales 2 and 3 on center blank scale 6 
NOTE 3: If any value runs off its scale on the first test, multiply or divide the abso- 5 4 
lute pressure, absolute temperature or specific volume by 10 to bring points on scales. 
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Working 


Aasysis 


How to solve combustion problems, using complete ultimate analysis of fuel and com- 
plete volumetric analysis of flue gas. Convenient reference tables give required basic data 


"HE EASIEST WAY to Figure 
»» Combustion, page 58, showed how 
to get approximate answers to com- 
bustion problems with little effort and 
without using the ultimate analysis of 
the coal. Such methods are close 
enough for most commercial purposes 
and are very important practically be- 
cause, in many cases, no ultimate analy- 
sis of the fuel is available. 

The methods shown on these two 
pages give closer results and are par- 
ticularly valuable for such fuels as 
blast-furnace, coke-oven and producer 
gas, where more rule-of-thumb methods 
may go completely haywire. 


Problem I—Coal 


Given the coal and flue-gas analyses, 
the problem is to determine (per Ib of 
coal) theoretical air, actual air, dry flue 
gas, moisture in flue gas—also the per- 
cent excess air and the percent loss 
from incomplete combustion. The 
method is to take a fixed amount of 
flue gas (100 mols) and find out the 
amount of carbon and nitrogen in it. 
Trace the carbon back to the coal. 
Trace the nitrogen back to the air. Then 
you know both the air and coal used to 
produce the same amount of flue gas. 

With the following comments, the 
steps shown in the upper-left panel 
on the next page should be clear: 
(1) Analysis is by weight as fired. 
(2) Analysis is by volume. (3) Assume 
100 mols of flue gas. Note that 1 mol 
of either CO, or CO contains 1 mol of 
carbon. 

(4) Assume that all of the carbon 
in the coal goes to CO, and CO, none 
through the grate or up the stack. (6) 
All nitrogen in the air supplied goes 
into the flue gas. All nitrogen in the 
flue gas (except a negligible amount 
from the coal) comes from the air. 
(7) One mol of air weighs 29 Ib. 

(13) Every lb of carbon burning to 
CO wastes 10.160 Btu. (15) Column 1 
comes from the coal analysis. Column 
2 is from Table II, or directly from 
chemical equations. Column 3 is the 
product of Columns 1 and 2. The oxy- 
gen already in the coal is subtracted 
from that required for combustible 
elements to give that to be furnished 
by the air. Multiply this by 4.32 to 


get the weight of theoretical air. 


This solution has been carried to the 
point where we know the theoretical 
air, percent excess air, actual air, dry 
flue gas, moisture. With these and 
room temperature, flue temperature and 
boiler efficiency, a heat balance can 
be figured as shown on page 60. 

The method shown here for coal can 
be applied directly to oil and (with 
slight variations, since fuel-gas analysis 
is by volume) to gas fuels. 


Problem II1—Natural Gas 


The problem is to determine the 
volumetric analysis of the flue gas if 
the given natural gas is burned with 
40% excess air by volume. In this case 
computations are greatly simplified, 
since we can work throughout with vol- 
umes, expressed as mols. 

(2) (right-hand panel on page 67) 
Column 2, directly from the analysis, 


gives the mols of each combustible con- 
stituent. To convert into other columns, 
multiply by the proper ratio either 
from the volumetric formulas on page 
63, or from Table II. For example, 1 
mol of C,H, requires 3 mols of O, and 
produces 2 mols each of CO, and H.O. 
Corresponding columns are then filled 
by multiplying 0.15 by 3, 2 and 2 re- 
spectively. Subtract the oxygen in the 
fuel from the total required to get the 
net to be furnished by air. 

(3) Convert oxygen needed into ni- 
trogen needed; then add 40% excess 
air and the nitrogen in fuel to get the 
total in the flue gas. (4) Figure free 
oxygen in flue gas as 40% of the theo- 
retical requirements. (5) In tabulat- 
ing mols in the flue gas for volumetric 
analysis, omit the H.O because it con- 
denses and does not appear in the 
analysis. 


TABLE I—PROPERTIES OF COMBUSTION PRODUCTS 
AND COMMON COMBUSTIBLES 


At 14.7 lb. 
abs and 60 F Nature Heat value, B T U 
Mol- P 
For- er 
Substance ecular| wp; Vol- 
mula | °°U"| Weight Gas | Com cu ft 
weight! per. or | bus- gat 14.7 
cuft | “2% | solid | tible |? lb abs 
per lb 60F 
Carbon.....| C 12 s C 14,540 174,500 
Hydrogen. ..| 2.02) -0053)188 G C 61,000) 325) 123,100 
Sulphur.....| § 32 Ss C | 4,050 129 ,600 
Carbon 
monoxide.| CO | 28 .0739| 13.54) C | 4,380) 323 122,400 
Methane....| CH, | 16 .0423| 23.69) C 24,000, 1012| 384,000 
Acetylene. ..| | 26 .0686| 14.58) C 21,500! 1483) 562,000 
Ethylene... .| | 28 .0739| 13.544 | 22,200) 1641) 622,400 
Ethane... C:H, | 30 -0792| 12.63) C 22,300 1762) 668,300 
Oxygen..... O, 32 .0844) 11.84) gq 
Nitrogen....| N, 28 .0739) 13.52) q 
Air*........ 29 .0765| 13.07; 
Carbon 
dioxide...| CO, | 44 1161} 8.61) G 
Water......| H.O | 18 0475) 21.06) G 


* By volume, air is 79 parts nitrogen and 21 parts oxygen. 


The “ molecular weight ” 


of 29 is merely the weighted average of the molecular weight of the constituents. 
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PROBLEM I—COAL 


Given complete analysis of coal and flue gas. 


loss from incomplete combustion. 
(1) of Coal (as 


red), % by Weight Cent by Volume 
.20 
Nitrogen..... 1.16 
Oxygen....... 8.70 100.00 % 


Btu per lb, 3,800 
(3) Figuring Mols a Carbon and Nitrogen in Flue Gas 


To determine 
(per Ib of coal) theoretical air, actual air, dry flue gas, 
moisture in flue gas — also per cent excess air and percent 


(2) Flue-Gas Analysis, Per 


PROBLEM 1I_NATURAL GAS 


Given volumetric analysis of a natural 
the volumetric analysis of the flue gas if the fuel is burned 


as. 


To determine 


with 40% excess air (by volume). 
Flue Gas % Mols Gas MolsC Mols N2 
0.6 0.6 0.6 
Total mo’s 100.0 0 10.8 80.0 
(4) Weight carbon burned = 10.8 x 12 = 129.6 Ib 
(5) Weight coal burned = 129.6 +0. gy = 180.0 Ib és 
(6) Mols air supplied = 80.0 ~ 0. 79 = 101 € 
(7) Weight air supplied = 101.3 X 29 = 2938 Ib 
(8) Ratio air to coal = 2938 + 180.0 = 16.32 Ib air per lb coal Gas Mols Needed EB i is ; 
(9) Moisture produced per Ib coal = 0.0647 X 9 = 0.58 Ib OO a 0.60 0.30 60 re 
(10) Dry flue gas per Ib coal = coal + air — ash — moisture || eae : 
=1 + 16.32 — 0.1049 10.58 = 16.64 Ib 
Ss 
(11) Fraction of carbon burning to CO = 0.6 = (10.2 + 0.6) ee 
(12) Wei ht of carbon beige toCO = 0.0555 X 0.7198 = 0.040 
(13) Heat loss from CO ~ 0.040 X 10160 — 406 Btu 96.05 190.77 0.25 
(14) Percent heat loss from CO = 100 X< 406 ~ 13,800 = 2.94% m ruel......... , 
(145) Theoretical Air per Pound Coal 190.13 96.05 190.77 0.25 
Lb O2 (3) Figuring nitrogen in flue gas ei 
Lb of Required Nerequired for 190.13 mois O2 = 190.13 X 3.76 = 714.9mols if 
Com- per Ib Lb O, 40% excess N: (by volume) = 0.4 X 714.9 = 286. fs 
te sis (4) Unburned in flue gas = 0.40 190.13 = 76.0 mols 
phur.... 0. . (5) Volumetric Gas Analysis (H.O Disappears) 
G Mols % by Vol. 
Less prc in the coal......... 0.087 76.0 6.5 
Net oxygen needed............. 2,365 Ib x 4.382 = 
air 
(16) Excess air = 16.32 — 10.22 = 6.10 Ib 1175.0 100.0 
(17) Per cent excess air = 6.10 + 10.22 = 59.7% 
Gives required combustion air and products for common combustibles burned with theoretical air requirements. 
Air and products are given in mols, cu ft and lb (see right-hand column) for 1 mol, 1 cu ft and 1 lb of fuel 
Air Required and Combustion Products 
For 1 mol of fuel For 1 cu ft of fuel For 1 pound of fuel | 
Fuel Air Other products Air Other products Air Other products | 
(than Ne) (than N2) (than No) 
O2 No CO:2 SO2 Ne CO: HO; SO. Oz No CO2 H20 SO, | 
1.0 3.76 1.0 .0833) .313 .0833 Mols 
Cc 379 1425 379 31.6 118.8 31.6 Cu. ft. 
32.0) 105 44.0 2.67 8.78 3.67 Pounds 
0.5 1.88 1.0 .00132| .00496 00264 . 250 .940 0.5 Mols. 
H2** 189.5) 712 379* 0.5 1.88 1.0* 94.8 356 189.5* Cu. ft. 
16.0 52.6 18 0422 .139 .0475 8.0 26.3 9.0 Pounds 
1.0 3.76 1.0 .0312 .1176 .0312| Mols. 
Ss 379 1425 379 11.84 44.6 11.84 Cu. ft. 
32.0; 105 64 1.0 3.29 2.0 Pounds 
0.5 1.88 1.0 .00132| .00496) .00264 .179 .0672 Mols. 
co 189.5) 712 379 0.5 1.88 1.0 6.77 25.4 13.53 Cu. ft. 
16.0 52.6 44.0 0422 .139 .116 .571 1.88 1.57 Pounds } 
7.52 1.0 2.0 00528; .0198 .00264) .00528 .470 .0625 .125 Mols. 
CH, 758 2850 379 758* 2.0 7.52 1.0 2.0* 47.4 178 23.7 47.4* Cu. ft. 
64.0} 210 44.0 36.0 . 169 .556 .116 .0950 4.0 13:47 2.75 2.25 Pounds 
2.5 9.40 2.0 1.0 . 0066 .0248 .00528) .00264 .0769 Mols. 
C:He 947 3560 758 379* 2.5 9.40 2.0 1.0* 36.4 137 29.15 14.58* Cu. ft. 
80.0) 263 88.0 18.0 .694 232 .0475 3.08 10.13 3.38 Pounds 
3.0 11.29 2.0 2.0 .00792| .0298 .00528| .00528 .1071 .403 .0714 .0714 Mols. 
CoH, 1137 4280 758 758* 3.0 11.29 2.0 2.0* 40.6 153 2A yy ie Cu. ft. 
96.0; 316 88.0 36.0 .253 . 834 .232 .0950 3.43 11.29 3.14 1.286 Pounds 
3.5 13.17 2.0 3.0 .00923| .0347 .00528} .0079 . 1167 -439 .0667 .10 Mols. 
C.He 1326 4990 758 1137* 3.5 13.17 2.0 3.0* 44.2 166.3 235.3 37.9* Cu. ft. 
112.0 369 88.0 54.0 . 296 .972 . 232 .1425 3.70 12.29 2.93 1.8 Pounds 


* The volumes shown for H20 apply only where the combustion products are at such high temperature that all the H20 is a gas. 


** Varying assumptions for molecular weight introduce a slight inconsisten 


molecular weight of hydrogen is 2.02, but the approximate value of 2 is used “mg fa the air and combustion products. 


in the values of air and combustion products from the burning of hydrogen. 
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Sub-Bituminous 


Low-rank Bituminous........ 


Medium-rank Bituminous 


High-rank Bituminous... - 


Low-rank Semi-Bituminous 


High-rank Semi-Bituminous 


CHARACTERISTICS OF COAL TYPES 
(me Volatile matter, per cent 


NOTE: A// data onan ash-free basis. 
(Based on University of Illinois Engineering Experiment Station chart) 


Fixed carbon, percent 
Heating value, Btu per /b 


/ECAUSE the physical form in 
“© which a fuel occurs determines 
the way it is prepared, shipped, handled, 
and fired, it is customary to classify 
fuels as solid, liquid, or gaseous. Solid 
fuels play a dominant role; wood led 
the field from antiquity to about 75 
years ago; since then coal has been 
the world’s major fuel. 

Three-hundred-million years ago, in 
the swamp forests of the Carboniferous 
Age, was laid the foundation of our 
present coal supply. For fifty million 
years, giant trees and ferns grew and 
fell, to decay and form rich peat bogs. 
Floods buried the bogs under layers of 
sediment, only to subside and permit 
the cycle of growth and decay to begin 
again. As millions of years passed, 
pressure, heat, and time worked to- 
gether to drive off some volatile matter, 
to harden the mass, and to turn it into 
the carbon-substance we call coal. 

Different kinds of coal contain dif- 
ferent amounts of carbon-substance, de- 
pending on the age of the deposit and 
the conditions under which it was 
formed. Next to the original peat, the 
“youngest” form of coal is lignite, high 


68 (784) 


95.6 19732 


in moisture and low in fixed carbon. 
Older coals, higher in “rank,” contain 
more fixed carbon. The chart gives 
a clear picture of the characteristics 
of typical coals and the map on page 
72 shows where they occur. The present 
approved method of classifying coals 
by rank will be found in “ASTM Stand- 
ards on Coal and Coke,” published by 
American Society for Testing Materials, 
260 Broad St, Philadelphia, Pa. 


Analyses 


To be able to express coal qualities 
in figures instead of words, various tests 
and methods of analysis have been de- 
vised. An ultimate analysis shows the 
exact chemical composition of a fuel, 
without paying any attention to the 
physical form in which the compounds 
appear. Such an analysis gives data 
needed for combustion calculations. 

The proximate analysis gives a better 
picture of the behavior of coal in a 
furnace. It involves determining: (1) 
percentage of moisture, (2) percentage 
of ash, (3) percentage of volatile matter, 
and (4) percentage of fixed carbon. 
These percentages add up to 100. In 


14,880 


& & 


addition, it is customary to determine: 
(1) the total amount of sulphur, ex- 
pressed as a separate percentage, (2) 
the ash-fusion temperature, and (3) the 
heating value, in Btu. 

There are five ways to report an 
analysis, although only the first three 
are likely to be met in power plants: 
(1) as received, (2) air-dried, (3) 
moisture-free, (4) moisture-and-ash- 
free, and (5) moisture-and-mineral-free. 
As the name implies, the as-received 
analysis reports the condition of the 
coal as delivered to the laboratory. This 
comes closest to giving the condition of 
the coal as shipped or as fired, the values 
desired in practical work. Loss or gain 
of moisture between time of sampling 
and of analysis depends on the kind of 
coal, size, weather conditions, and 
method of handling the sample. 

For an air-dried analysis, the sample 
is crushed to about + in. and exposed 
to air for 36 hours or longer (or kept 
6 to 8 hours in a drier). To put the 
analysis on a dry or moisture-free basis 
it is only necessary to recalculate the 
percentages, eliminating the moisture. 
For certain theoretical comparisons, a 
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similar refiguring is used to arrive at 
percentages on a moisture-and-ash-free 
basis. Because there is more mineral 
matter in the original coal than appears 
as ash after burning, formulas have been 
worked out to figure this mineral con- 
tent, making it possible to report on a 
moisture-and-mineral-free basis. 

The following paragraphs indicate 
how coal characteristics are determined 
and how they affect the value of coal in 
power-plant operation. For exact details 
on equipment and procedures for testing 
coal, consult “ASTM Standards on Coal 
and Coke” and “Methods of Analyzing 
Coal and Coke,” Bureau of Mines 
Technical Paper 8. 


Moisture 


All coal contains some natural mois- 
ture (ranging from 1 to 5% in Eastern 
coals and up to 40% in some Texas 
lignites). This inherent moisture lies 
in the pores of the coal and forms a 
true part of it, being retained when the 
coal is air-dried. Surface moisture de- 
pends on conditions in the mine, on 
length of time in transit, and on weather 
conditions. The capacity of a coal to 
retain surface moisture depends chiefly 
on size and uniformity. 

A moisture determination involves 
heating a specially prepared sample in 
a preheated oven (at 220-230 F) for 
one hour. Loss of weight divided by 
original weight gives percent moisture. 

Moisture must be transported, han- 
dled, and stored; its presence in large 
amounts increases the difficulty and cost 
of these operations. Looked at another 
way, moisture replaces an equal amount 
of combustible material and thus de- 
creases the heat content per lb. In ad- 
dition, some of the heat liberated in the 
furnace goes to evaporating the mois- 
ture in the fuel and superheating the 
vapor; this moisture loss can be figured 
from the chart on page 59. 


Ash is the incombustible mineral 
matter left behind when coal burns 
completely. It differs from “ashes,” as 
the power-plant operator knows them, 
because ashes taken from a furnace al- 
ways contain some unburned coal. 
Laboratory determination of ash involves 
heating dried coal (after the moisture 
determination); until red hot; then 
heating continues at about 1300 F until 
a constant weight obtains. Weight of 
the remainder, divided by original sam- 
ple weight, gives percent ash. 

Like moisture, ash is an impurity 
which increases shipping and handling 
costs. It must be removed from the 
furnace and the plant, requiring addi- 
tional equipment and expense in most 
cases. Recent research shows that 
amount and character of ash constitutes 
the biggest single factor in fuel-bed and 
furnace problems such as clinkering and 
slagging. An increase in ash content 
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usually means an increase in carbon 
carried to the ashpit. 

In a way not yet clearly known, coal 
holds combustible gases such as _ hy- 
drogen, methane and other hydrocar- 
bons, and incombustible gases such as 
carbon dioxide and nitrogen. Heat re- 
leases these gases, leaving behind a 
solid fuel, consisting, in the main, of 
carbon, but containing some hydrogen, 
oxygen, sulphur, and nitrogen not driven 
off with the gases. In the laboratory, 
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Ball-Mill Grindability Index 


volatile matter is measured by heating 
a sample at approximately 1750 F for 
exactly 7 minutes. The loss of weight, 
minus the moisture, divided by the 
original sample weight, gives the per- 
centage of volatile matter. Subtracting 
the percentage of moisture, of ash, and 
of volatile matter from 100% yields a 
percentage called fixed carbon. 

The percentage of volatile matter in- 
dicates the amount of gaseous fuel 
present and thus bears a direct relation 
to the mechanics of firing. It affects 
furnace volume and arrangement of 
furnace surfaces; for existing equip- 
ment, the amount of volatiles largely 
determines whether smoke forms or not. 


Sulphur is an undesirable element in 
coal for power-plant use. It plays a part 
in clinkering and slagging, in corrosion 
of air heaters, economizers, breeching 
and stacks, and in spontaneous combus- 
tion of stored coal. It occurs mainly as 
iron sulphide (commonly known as 
pyrites), as organic sulphur, and in 
small amounts as sulphates. Laboratory 
determination of sulphur is too complex 
to describe here. Only total sulphur is 
measured, although it is known that the 
iron combined with the sulphur shares 
the blame for troubles laid to sulphur. 


Ash-fusion temperature is measured 
by heating cones of ash in a gas furnace 


arranged to produce a reducing at- 
mosphere. The temperature at which 
the cone fuses down to a round lump is 
called the softening or ash-fusion tem- 
perature. Other temperatures sometimes 
observed include that at which the tip 
of the cone starts to bend (initial de- 
formation temperature) and that at 
which the cone spreads out in a flat 
layer (fluid temperature). 

Ash-fusion temperature (and some- 
times the spread between initial and 
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Fayette Pittsburgh 
mne- Indiana Lower Kittanning 
sylvania | Jefferson Lower Freeport 
merset Upper Kittarning 
Westmoreland Pittsburgh 
Tennessee Anderson Pee Wee 
Dickenson Upper Banner 
Virginia (Pasovell Pocahontas No. 3 
Boone Winifrede 
Fayette No. 2 Gas 
West anawha urg 
Logan Chilton 
Virginia Marion Pittsburgh 
McDowell hontas No. 3 
Monongalia Pittsburg 
ey 


softening or softening and fluid tem- 
peratures) serves as the best single in- 
dicator of clinkering and slagging ten- 
dencies under given fuel-bed and fur- 
nace conditions. Ash characteristics 
dictate whether a furnace shall have a 
dry bottom or a slag top. 


The heating value of coal is measured 
by burning a sample in a “bomb” 
calorimeter. Filling the bomb with 
oxygen under pressure insures a com- 
plete combustion. The value found by 
this test is the higher heating value, or 
gross calorific value. All fuels contain- 
ing hydrogen have another heating value 
called the lower or net calorific value. 
The difference arises because hydrogen 
burns to form water vapor; if the vapor 
condenses and gives up its latent heat 
and superheat a higher heat output is 
registered than if the water vapor doesn’t 
condense and the latent heat of vapori- 
zation and superheat is lost. The higher 
or gross value finds universal applica- 
tion in boiler-plant calculations. 

The consumer really buys energy units 
when he buys fuel, and so the heating 
value, as a direct measure of the energy 
content, plays a basic part in judging 
fuel values. In some cases, the heating 
value of the fuel also affects the maxi- 
mum capacity of the plant. 

Wide use of pulverized-fuel firing 
brought a need for tests to show the 
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relative ease or difficulty of grinding 
different kinds of coal. The ASTM 
tentatively approves two methods, the 
ball-mill and the Hardgrove machine. 
In the first, the relative amounts of 
energy needed to pulverize different 
coals are measured by placing a sample 
in a ball mill and finding the number 
of revolutions required to grind it so 
that 80% passes a 200-mesh sieve (74- 
microns). The ball-mill grindability 
index, in percent, is found by dividing 
the number of revolutions into 50,000. 

In the Hardgrove test, a prepared 
sample receives a definite amount of 
grinding energy in a miniature pul- 
verizer and the results are measured by 
weighing the amount passing a 200- 
mesh sieve. Multiplying the weight 
passing the sieve by 6.93 and adding 13 
to the product gives the Hardgrove 
grindability. The accompanying chart 
makes possible approximate conversion: 
the table gives typical grindabilities. 

Grindability values do not give a 
direct comparison of pulverizer capacity 
or power requirements. These latter are 
affected by the size and type of pul- 
verizer, and by feed size, moisture, and 
fineness. The operator should check 
behavior of coals in his pulverizer 
against the standard indices to establish 
a relationship between pulverizer per- 
formance and grindability. 


Caking and Coking 


Considerable confusion exists regard- 
ing the proper use of the terms caking 
and coking. Heating coal drives off 
volatile matter, leaving behind prac- 
tically pure carbon. This is called coke. 
It may take the form of small powdery 
particles or may fuse into lumps of 
varying sizes and strengths. Swelling 
may occur. In commercial coke-making, 
the term coke generally refers to lumps 
of marketable size and coking coals are 


those that will produce such a product. 

Formation of coke, in one shape or 
another, represents an _ intermediate 
stage of combustion in any fuel-bed; 
the difference lies in whether or not a 
plastic stage occurs and lumps of coke 
form. Coals which become plastic and 
form lumps or masses of coke are called 
caking coals while those which show 
little or no fusing action are called 
non-caking, or free-burning. 

The caking properties of a coal and 
the nature of the coke masses formed 
(size, strength, etc.) are now regarded 
as valuable indicators of behavior on a 
hand-fired grate or stoker fuel-bed. 
Current research aims at developing an 
index that will relate caking character- 
istics and the nature of the coke formed 
to conditions in actual fuel beds. At 
present, the ASTM publishes, in “ASTM 
Standards on Coal and Coke,” a pro- 
posed method of testing for agglutinat- 
ing value, giving an approximate meas- 
ure of the material in coal which fuses 
and becomes plastic on heating. Some- 
thing can also be learned by examining 
the coke buttons left after making the 
standard volatile-matter test. Other 
tests are under consideration. 

Size stability js the ability of coal to 
resist breakage; friability is the op- 
posite, the tendency of coal to break or 
crumble into smaller pieces under 
handling. Where plant conditions make 
size an important factor, friability must 
be taken into consideration to give a 
rough idea of the difference likely to 
exist between the size as shipped and 
the size as fired. The ASTM has set up 
two tentative tests for these comple- 
mentary properties: the drop-shatter 
test and the tumbler test. The first in- 
dicates resistance to breakage from 
ordinary handling while the latter pic- 
tures the effect of rougher handling in 
mechanical conveyors, feeders, etc. 


Anthracite coal comes in standard 
sizes, as follows: broken (passing a 43- 
in. screen, retained on a 3}-in. screen), 
egg (34-21%), stove (21-13), chestnut, 
(13-18), pea (48-y¢), No. 1 buckwheat 
), No. 2 buckwheat rice ), 
and No. 3 buckwheat (barley) (*#s-#2). 
Culm or river coal is the refuse from 
screening anthracite inte prepared sizes. 

Bituminous coal comes in an almost 
infinite variety of sizes and there is little 
standardization of either screen open- 
ings or names given to sizes. Run of 
mine is unscreened coal as it comes 
from the mine; a steadily decreasing 
amount of this size is shipped today due 
to the demand for prepared sizes for 
domestic stokers, etc. Sizes are usually 
designated by screen openings. A “2-in. 
nut-and-slack” normally means all coal 
passing a 2-in. screen; the amcunt of 
different sizes present may vary widely. 
Occasionally a limitation is placed on 
the percentage of fines. So-called be- 
tween-screen sizes (everything passing 
one screen, and retained on another) 
give a closer idea of size, unless the 
spread between screens is large. 

Coal size affects the nature of the fuel 
bed, the draft required, the density of 
the coke formed and amount of un- 
burned carbon lost up the stack. 


Cleaning, Oil Treating 


Many producers now offer cleaned or 
washed coals as products having a 
higher value to the user. The operator 
must determine by test or experience 
whether increased quality justifies the 
higher price required by increased pro- 
duction cost. Cleaning or washing re- 
moves impurities and so lowers ash 
content; it also tends to reduce sulphur 
in the form of pyrites. Effect on ash- 
fusion temperature appears to be slight. 

Treating coals with refined petroleum 
oils of 100-600 SSU at 100 F, or blends 


CHARACTERISTICS OF SOME OTHER SOLID FUELS 


* Indicates analysis on dry basis all others “‘ as fired ’’ or “‘ as received.”” 


Heating ———Proximate Analysis—— Ultimate Analysis 
Fuel Btu. Moist Ash _ Vol. FC No S Moist Ash Remarks 

Wood waste..... 8,900* 25-60 1.0* 82.0* 17.0* 6.2* 50.3* 0.04* 43.1* ...... ..... 0.4 Burned on flat or sloped grate i 
Dutch oven, or in suspension 

3,586 56.7 60 2.1 11.2 8.3 21.0 Rarley used for steam generaliv' 

thracite culm. Can be pulvert:’ 

Pulv'd pitch.... 16,000 0.2) 0.1. 53.8 «46.1 4.1 1.0% 0.1 0.1 Pulverized and burned on 
system — no preheat 

Bagasse......... 5.8 46.3 1.8 Usually burned on. flat or slop 
grate in Dutch oven 

means special design 

Sewage sludge... 7,500 20 26.9 47.6 5.5 5.0 37.0 1.5 8.9 0.7 20.0 26.9 Burned as cake on flat grat: 

5.0 36.0 0 15.7 4.8 


FC abbreviation for fixed carbon 
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Less than 8.0 to 10.0 
asphalt, will allay the dust nuisance in be — 
coal handling by eliminating 95 to 100% : 3 
of the fine dust and 80 to 95% of the s1S/S/Sisisiei2leleisi2e12)2)2]/2 
coarse. The treatment remains effective ols 
such treatment reduces moisture absorp- “Commercial ” Procedure 
tion of coal and reduces difficulties of increments....| 15} 15) 15] 15] 20) 20) 20) 35) 35) 35) 35) 35) 35) 35) 35 
ncreme 
and Pittsburgh seam coals show that Minimum weight of 
oil does not increase spontaneous heat- gross sample, Ib...| 60| 90] 150} 40| 80| 120) 200| 70) 140| 350) 70) 140/ 210) 350 
ing. Oil treatment, as commercially 
applied for dedusting, does not appre- 75| 75) 75] 75} 100] 100) 100) 175) 175) 175) 175) 175) 175) 175) 175 
ciably affect burning characteristics. Ib... 2] 10} 2] 6 10) 2 «6 2 «4 «66 
Ability to use cheaper small sizes gross sample, Ib...| 150| 300| 450| 750| 200| 400) 600|1000| 330 700|1050/1750| 350] 700|1050|1750 


without dust nuisance and _ handling 
difficulties may justify a premium price 
for oil-treated coal in some plants. 


Storing Coal 


Coals exposed to the atmosphere com- 
bine with oxygen, liberating heat. This 
is as truly “burning” as what happens 
in a furnace, but when it occurs ex- 
tremely slowly it is called weathering. 
Weathering dulls the appearance of 
coal, causes reduction in size, impairs 
firing and coking qualities and lowers 
heating value. These changes are prac- 
tically unnoticeable for anthracite and 
slight for most bituminous coals. Low- 
rank bituminous coals and lignites suffer 
more markedly. Loss of heating value 
over a 5-year period might run 1-3% 
for West Virginia and Pennsylvania 
coals and 4-6% for Illinois coals. 

If heat liberated by weathering is 
confined to a small area, a temperature 
rise will follow, increasing the rate of 
oxidation. This cycle of raising tem- 
perature and faster oxidation continues 
until definite “hot spots” form and 
spontaneous combustion occurs. To 
guard against such troubles: (1) re- 
member that small sizes present greater 
surface and pack tighter, making them 
more likely to heat, (2) avoid piling 
coal in hot weather or in a heated space, 
(3) don’t crush before piling, and watch 
pile closely during first 3 months of 
storage, since fresh surfaces oxidize 
more readily, (4) avoid segregation of 
sizes in the pile by building it up in 
layers, leveling off and rolling each 
layer, (5) check the pile regularly, 
especially in the region 5 to 8 ft. below 
the surface on the flanks—a temperature 
in excess of 140-150 F means the danger 
point has been reached and coal at that 
point should be withdrawn. 

Coal composition varies within a given 
seam or mine and even between points 
several feet apart on the face of a seam. 
Although shipped from a single source, 
coal composition varies from car to car 
and from one part of a car to another. 
Understanding the nature of all the 
variations involved makes it possible to 
use laboratory tests and analyses in- 
telligently and eliminates misunder- 
standing between buyer and seller. 
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Large Riffle Sampler 


A=9Q in. 
B=11 in. 
C = 20 5 -in. openings 
D=5bin. 
E=11 in. 
Small Riffle Sampler 
A=6 in. 
B= 8 in. 
C —24 %-in. openings 
D=4in. 
E= 8 in. 


To begin with, a laboratory analysis. 
made according to approved standards, 
will represent within an extremely small 
margin of error the characteristics of 
the sample on which it is made. How 
well the analysis represents the lot of 
coal involved depends on the sampling 
methods employed. Until recently, the 
size of the gross sampie was thought to 
be of a major importance for accurate 
sampling and existing ASTM standards 
require a 1,000 lb sample, subdivided 
according to a procedure carefully pre- 
scribed. Recent research shows that 
the accuracy of the sample depends on 
the number and size of the increments 
of which it is composed rather than on 
its weight. Proof of this point makes 
possible use of much smaller samples 
and simplifies the reduction of the gross 
sample to laboratory dimensions. 

The new tentative ASTM standard 
distinguishes between “commercial” 
and “special purpose” sampling, and 
bases the size of the sample and number 
of increments on the size of the coal 
sampled and the expected ash content. 
The table above gives details. Note that 
increment refers to the quantity of coal 
obtained by a single sweep of the sam- 
pling instrument; where possible coal 
should be sampled while in motion. 


The standard provides for mechanical 
preparation of the sample and sub- 
division by means of large and small 
rifle samplers similar to those used in 
preparing samples in the laboratory. 
The commercial procedure is designed 
so that 95% of test results fall within 
plus or minus 10% of the ash content 
of the coal sampled (correct determina- 
tion of ash value indicates correct deter- 
mination of other properties). 

Knowing how closely a given analysis 
represents a given sample and a given 
lot of coal, one must also know how 
reliable one test may be in predicting 
the average for a series of shipments, or, 
if the average quality is known, what 
variation might be expected in individual 
shipments. Recent research shows that 
for bituminous coals of less than 9% 
ash. one-half of the ash determinations 
will depart from the average by no 
more than 0.5%; for coals of more than 
10% ash the deviation will be about 
twice as much. Common sense indicates 
that one test from one sample from one 
shipment is a poor guide; statistical 
studies show that an average of ten 
shipments is three times as accurate as 
a single test and an average of 20 tests 
is 4.5 times as accurate. Beyond 20, 
the gain in accuracy is small. 
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TYPICAL COALS 


H Ash- H Ash- 
om | co % | % | % Val, | Fusion omlow| % | % | %| Val, | Fusion 
Bed or Seam State County 7M ZN | FC |Ash| 8 | Btu/ | Temp, Bed or Seam State County 7M) %V| ¥G lash! S| Btu / | Temp, 
| | Ib F Ib F 
District 1: District 8: | 
Bakerstown....... W. Va..|Mineral....... 2.0] 15.6) 71.1] 11.3] 2.1) 13,480)......... W. Va../Boone ........ 2.8] 35.2 54.0) 8.0) 1.7) 13,540)........ 
Tucker........ 22.0) 69.2) 6.2) 1.3) 14,210)......... Big Eagle.......... W. Va..|McDowell..... 2.9) 31.2) 59.6) 6.3) 1.8) 14,050)........ 
Barton............ Md...../Allegany...... 15.8) 68.3] 13.4] 2.1) 13,020)......... Big Mary.......... Tenn.../Anderson..... 2.5| 36.8) 51.6] 9.1) 3.3] 13,230|2200-2500 
Pa... 2.6) 20.8) 66.8} 9.8] 1.3] 13,580)......... Bingham.......... 4.2] 33.7] 53.6) 8.5] 2.2] 13,430)........ 
Brookville......... Pa. Somerset...... 4.3] 18.0) 69.0) 1.2) 13,340]......... 2.9] 32.7) 58.7] 5.7) 0.9] 14,060)........ 
Jefferson...... 2.8) 34.4) 52.1) 10.7] 3.1) 13,040)......... Campbell Creek...|W. Va..|Fayette....... 2.5] 34.7) 56.5) 6.3) 1.0) 14,000|2400-2600 
Pa. Fulton........ 1.5) 15.2) 74.8] 8.5) 1.2] 14,100]......... Cedar Grove...... W. Va..|Logan......... 2.0] 35.7) 56.0) 6.3) 1.6) 13,950|2300-2900 
Clarion........ 3.7) 38.6) 49.2) 8.5) 3.6] 13,140]......... Va..|Logan......... 2.5) 34.4) 56.9) 6.2) 0.7) 13,910/2500- 
Elk Lick........... W. Va..|Mineral....... 1.6] 16.7) 66.6] 15.1] 3.4) 12,820)......... Clintwood........ Va.....|/Buchanan..... 2.5 31.3) 59.6] 6.6) 1.1) 14,110/2600-3000 
L 2.5) 17.8) 67.6] 12.1) 0.9] 13,340]......... Coalburg.......... W. Va..|/Kanawha..... 3.5] 34.2) 54.9] 7.4] 0.8] 13,470]......... 
L Freeport........ Pa.....|Somerset...... 3.2] 17.4) 70.8] 8.6] 1.1) 13,790]/2500-2900 | Coal Creek........ Tenn.,.|Anderson..... 2.0) 36.3) 55.3] 6.4) 1.2] 13,910/2200-2500 
2.8) 32.8) 58.4) 6.0) 2.0) 14,120]......... Morgan....... 2.0) 39.0) 51.9) 7.1) 13,860)/2000-2200 
LKittanning..... Md.....|Garrett....... 22.3) 63.5] 11.5) 3.4] 13,370]......... 4.0) 36.0 52.7) 7.3) 0.9) 13,150/2600-2900 
L Kittanning..... 4.1] 15.9) 65.3] 14.7) 0.5) 12,320]......... Deep River........ 1 | 2.0) 32.1) 58.3) 7.6) 2.5] 13,750)......... 
Clarion........ 3.3] 37.1) 51.5] 8.1) 3.2) 13,330]......... Moore 3.7] 15.9) 57.9) 22.5) 3.0) 11,280)......... 
L Sewickley....... Md...../Allegany...... 2.8] 19.6) 69.8} 7.8] 1.1] 13,910/2700-2900 | Dorchester........ Va.....|Wise 2.6) 32.0) 58.5) 6.9) 1.4) 13,910)......... 
M Kittanning... ./Pa.....|Somerset...... 4.2) 16.1) 68.9) 10.8] 1.7] 13,230]......... W. Va../Logan 2.5) 32.7) 58.6) 6.2) 0.8) 13,980)/2600-2900 
29.8) 51.1) 16.7] 1.9] 12,170)......... Elkhorn........... y.....|Letcher 3.0] 36.4) 57.3] 3.3) 0.5] 14,170/2200-2600 
Mahoning........ W. Va..|Mineral....... 3.0) 14.2] 70.8] 12.0) 1.6] 13,230]......... Fire Clay No. 4....|Ky.....|/Perry 3.5] 37.3) 54.8] 4.4) 0.8] 13,820/2300-2800 
Pittsburgh....... Md.....|Allegany...... 2.5] 18.2) 70.5) 8.8] 0.9) 13,860/2700-3000 Harlan............ Ky.....|Harlan.. 37.1) 55.8) 4.6) 0.8] 14,000/2300-2800 
Redstone.......... Pa.....|Somerset...... 3.3] 20.2, 63.6] 12.9] 1.7] 13,010|......... Hazard No. 4...... Ky.....|Breathitt 5.6) 34.0) 53.3) 7.1] 1.0) 12,960)........- 
Sewickley......... Pa.....|/Somerset...... 3.0) 20.7) 67.0} 9.3] 1.4] 13,700]......... Hazard No. 6...... Ky.....|Perry 4.8 35.2) 53.0] 7.0) 0.6) 13,090/2900- 
U 2.4| 17.4) 70.2] 10.0] 0.6) 13,760]......... Hazard No. 7...... Ky...../Perry 4.3] 35.7) 54.1) 5.9] 0.6) 13,430|/2800-3000 
U Freeport........ Md.....|Allegany...... 2.3] 19.3) 66.2] 12.2] 2.8] 13,250]......... Hernshaw......... - Va..|/Boone 3.0] 34.6) 57.3) 5.1) 0.9) 14,160).... 
reeport........ a. Bedford....... 1.1) 16.4) 70.8] 18.7] 2.1] 13,630]......... High Splint....... Ky.....|Harlan 4.0) 37.6 53.7) 4.7] 0.7) 13,500/2300-2700 
Armstrong....| 3.1] 33.9) 54.5] 2.2] 13,360/2100-2600 | Hooper............ Tenn...|Morgan 2.6) 37.4) 56.5) 3.5 1.5} 14,020). ........ 
U Freeport........ W. Va..|Mineral....... 2.0| 15.2 70.6] 12.2] 3.6] 13,270)......... Horse Creek....... Ky...../Clay 5.2] 35.9) 52.4) 6.5] 1.3] 
‘Tucker........ 2.8| 24.0 65.3) 7.9] 1.2] 13,960)......... Imboden.......... Va... . .|Wise 2.5) 34.3 56.7] 6.5) 0.8) 13,820/2500-2900 
U Kittanning..... Md.....|Allegany...... 3.0) 14.4) 69.6) 13.0) 1.3) 13,090)......... Tenn...|Campbell...... 4.0) 36.5) 54.8} 4.7) 1.0] 13,760/2300-2800 
Clarion........| 3.0] 38.1) 50.0) 8.9) 5.5) 13,230)......... Keokee............ 3.0 36.9) 56.6) 3.5) 0.7) 14,120/2200-2500 
Waynesburg...... Md...../Allegany...... 19.6 69.1] 9.1) 2.1] 13,900)......... L Banner.......... Va.....|/Buchanan..... 2.3] 22.3) 67.8) 7.6] 1.3) 14,150/2600-2800 
Russell........ 2.1] 36.3) 55.3) 6.3] 0.7) 14,090)......... 
District 2: L Elkhorn......... | 3.0) 33.2) 57.3] 6.5) 0.6) 13,880/2600-3000 
Brookville......... Pa..... Butler......... 3.7] 37.0) 52.4] 6.9] 1.6] 13,550]......... L Kittanning..... W. Va..|Kanawha..... 3.0] 35.2, 53.7] 8.1] 0.8) 13,330/2500-2900 
L Freeport........ Pa.....|Butler......... 3.1] 35.0, 55.2) 6.7) 1.1) 13,710)......... L Sewanee........ Tenn...{Cumberland..| 2.3) 28.3, 62.1) 7.3| 
L Kittanning...../Pa.....|Armstrong....| 38.6 51.7) 7.4] 2.9) 13,570]......... Low Splint........ 36.4 53.7] 7.0) 0.7) 13,630)... 
Pittsburgh....... E.Westmorel’d) 3.0) 24.2) 61.6) 11.2) 1.3] 13,340/2600-2900 | Mason............. 3.0) 37.4 55.4) 4.2] 1.2) 13,920|2400-2600 
Washington. .| 3.0) 35.7/ 54.4] 6.9] 1.2] 13,710/2100-2600 | Millers Creek..... Ky. Johnson...... 5.0| 37.1] 54.3] 3.6] 1.7] 13,450|........ 
Redstone.......... Allegheny..... 3.5] 32.6) 52.9] 11.0] 1.8] 12,840 Norton............ 2.9) 32.9) 57.6) 6.6) 1.1) 
Sewickley......... Fayette....... 2.5] 34.0) 52.1) 11.4] 3.1] 13,020|2200-2500 Now Ky.....|MeCreary..... 3.1) 36.3 53.0) 7.6) 2.6) 13,300)... 
U Freeport........ Butler......... 3.0] 34.2] 53.5] 9.3] 1.5] 13,290/2100-2700 | No. 144............. Ky.....|McCreary..... 4.0) 35.6 54.1) 6.3) 0.6) 
U Kittanning..... Butler......... 3.4] 34.7) 54.8] 7.1] 2.0) 13,510)......... Ky.....|Boyd.......... 5.0] 37.3) 51.8] 5.9] 1.0) 12,790)........ 
Waynesburg...... Pa..... Greene........ 3.4] 34.1) 46.9] 15.6] 3.2] 12,030]......... Peewee............ Tenn.../Anderson..... 3.2] 37.6 54.2) 5.0) 1.0) 13,840)........ 
Phillips........... 3.2] 35.5) 54.1) 7.2) 1.0) 13,310)........ 
Pittsburgh....... W. Va..|Mason......... 4.3] 41.3) 44.3) 10.1) 3.4) 12,420)........ a 
District 3: Poplar Creek.. 3.0) 36.9) 55.3] 4.8) 1.4] 13,780)........ 
Bakerstown....... W. Va..|/Preston....... 2.0] 28.9) 61.4] 7.7] 1.8] 14,010/2200-2500 | Poplar Lick....... Ky. ...|Belll............ 3.4] 37.9) 49.7] 9.0) 2.6) 13,120)......... 
L Kittanning..... W. Va..|Randolph..... 2.5] 57.4] 10.6] 1.3] 13,410/2600-3000 | Powellton......... W. Va..|Fayette........ 2.5] 32.7| 60.3] 4.5] 0.8] 14,280|2600-2900 
Preston....... 22.9) 64.3] 10.3] 1.8] 13,450/2400-2700] Raven ............ Va...../Tazewell...... 2.8) 31.7) 59.7) 5.8) 0.5) 14,240)........ 
Peerless........... W. Va..|Webster....... 2.1] 36.3) 59.1] 2.5] 0.7] 14,800]......... Red Ash........... |Tenn.,,|Campbell...... 3.4) 38.5) 52.2] 5.9) 1.1) 13,510]........ 
Pittsburgh....... W. Va../Taylor........ 2.0] 37.8) 52.8] 7.4] 2.5] 13,890/2000-2200 | Splash Dam...... Va.....|/Dickenson....| 30.7) 59.7) 7.7] 0.9) 14,060]......... 
Redstone.......... W. Va../Upshur........ 2.6] 36.3) 54.1] 7.0) 1.7] 13,650]......... Sterling........... y. 2.2) 37.9) 50.5) 9.4) 3.0) 13,060)......... 
Sewell............. W. Va..|Randolph..... 3.3] 28.8] 61.9] 6.0) 0.8) 14,060/2500-2900 | Stockton.......... W. Va..|Kanawha..... 3.1) 36.1) 54.9) 5.9) 0.6) 13,790)......... 
Sewickley......... W. Va..|Monongalia...| 2.0) 35.6) 51.0) 11.4] 2.5] 13,080/2100-2400 Straight Creek. 3.0) 37.9) 54.6) 4.5) 0.8] 13,930/2100-2300 
U Freeport........ W. Va..|Preston....... 2.5] 29.1) 57.9] 10.5] 1.6] 13,410/2200-2800] Taggart........... 3.3] 56.6) 4.4) 0.6) 13,960/2100-2500 
W. Va..|Upshur........ 1.5] 38.0) 50.7] 9.8] 1.4] 13,550]......... U Banner......... Va.....|Dickenson....| 2.0) 30.0) 62.0} 6.0) 0.8) 14,400/2400-2800 
| 2.7| 35.0) 55.3) 7.0) 0.6) 13,870|2200-2500 
District 4: U Elkhorn No. 1.../Ky.....|Floyd.......... 4.0) 36.8) 54.2) 5.0) 0.9) 13,580/2300-2700 
Brookville......... Ohio...|Stark.......... 3.8] 37.6) 46.6] 12.6] 3.3] 12,150]......... U Elkhorn No. 2.../Ky.....|Floyd.......... 4.4) 35.9 54.6] 5.1) 1.1) 13,530/2200-2700 
Clarion............ Ohio...|Vinton........ 5.5] 39.6) 41.9) 13.0] 3.7] 11,690)......... U Elkhorn No. 3.3] 33.4) 58.4) 4.9] 0.7) 13,900)... 
j L Freeport........ Ohio.. .|Jefferson...... 3.8] 37.6] 49.8] 8.8] 2.8] 13,050]......... Wallins............ Ky...../Harlan........ 3.1) 38.1) 54.3) 4.5) 0.7] 13,840)... 
L Kittanning..... Ohio...|Lawrence..... 7.3] 37.8] 45.1] 9.8] 1.6] 11,880]......... Warfield........... Ky. Martin........ 3.0) 39.1) 50.7) 7.2) 2.3] 13,290)2200-2300 
M Kittanning... .|Ohio...|Perry.......... 7.8] 36.0) 47.3] 8.9] 2.0] 11,900|2200-2700 | Wilder............. Tenn...|Overton....... 3.3] 35.8) 50.5) 10.4) 2.5) 12,880|2100-2400 
Coshocton....| 5.9] 41.6) 44.2] 8.3] 3.8] 12,470]......... Windrock......... Tenn...|Anderson..... 2.5) 38.0) 52.7) 6.8] 0.9) 13,620)......... 
Pittsburgh....... Ohio...|Jefferson...... 4.5] 36.8) 49.6] 9.1) 3.0] 12,740/2100-2200] Winifrede......... W. Va..|Mingo......... 3.5] 36.1) 53.8) 6.6) 0.6) 13,550/2600-3000 
Belmont....... 3.8} 40.3) 47.2) 8.7] 3.9] 12,940)1900-2100 
akertown...... Ohio...|Jackson....... 9.8] 32.7] 53.2] 4.3] 0.9] 12,200]......... District No. 10: 
stone.......... Ohio...|Belmont....... 6.7| 34.8) 46.8] 11.7] 2.3] 11,990]......... Herrin No. 6...... TH...... Christian..... 13.5) 35.6) 39.3] 11.6) 4.2) 10,610/2000 
43.3] 14.6] 0.4] 10,280)......... 9.5| 33.01 49.01 8.51 11.900 4506 
Fulton........ 17.0} 34.0) 42.2) 6.8] 2.6) 10,960)........ 
Bond.......... 12.4) 32.9) 42.9] 11.8] 4.0] 10,9730]........ 
District 5: Jefferson...... 8.9] 34.2) 48.2) 8.2] 1.3) 11,930)........ 
Mich...|Bay............ 12.1] 34.0) 47.5] 6.4) 1.2] 11,930]......... LaSalle No. 2...... Bureau........ 15.7] 35.0) 38.9] 10.4) 3.8] 10,580)......... 
i Calhoun... .| 11.2} 40.1) 40.2} 8.5] 6.3] 11,510]......... Springfield No. Peoria......... 14.5} 34.1) 39.0) 12.4) 3.0) 10,530)......... 
Midland.......| 13.1] 33.3) 46.6 7.0] 2.2] 11,510)......... Harrisburg No. 5.|Il...... Saline......... 6.5) 33.9) 51.2) 8.4) 2.2) 12,490/2000-2100 
Saginaw...... 11.1] 34.9| 48.2) 5.8] 1.6] 12,140]......... Colchester No. 2. Henry......... 14.5) 37.1) 38.7) 9.7] 3.3) 10,750]........ 
Shiawassee. . .| 11.7] 36.3, 42.5] 9.5] 2.7] 11,640]......... Rock Island No. ......... 14.5) 37.2, 38.6) 9.7) 5.1) 10,970)........ 
Danville No. 7..... | Vermilion..... 13.3) 36.6) 39.0) 11.1) 3.6) 10,940]......... 
i District 6: 
j Pittsburgh....... W. Va..|Brooke........ 4.0] 36.9) 50.6] 8.5] 2.7] 12,920/2000-2200 | District No. 11: 
i Hancock.......| 5.9} 35.51 49.6] 9.0) 2.3] 12,550]......... Ind..../Greene........ 11.2] 36.7) 43.7] 8.4) 4.0] 11,570)......... 
Marshall...... 2.9| 40.5) 47.8] 8.8] 4.4] 13,140]......... Ind... .|Clay........... 11.9) 34.7) 44.1] 9.3) 1.7) 11,440)......... 
3.5| 39.5] 48.7] 8.3] 4.2] 13,030/2000-2200] V.................. Ind... .|Sullivan....... 11.8) 34.1) 47.6) 6.5) 1.3) 11,850)......... 
Warrick....... 10.0} 37.4) 43.1) 9.5] 3.9] 11,570/2000-2200 
District 7: Ind... .|Sullivan....... 11.9] 35.8) 43.7] 8.6] 2.2] 11,590]......... 
Beckley............ W. Va..|Raleigh...:...! 2.7] 17.1) 74.8] 5.4] 0.7] 14,390/2500-3000 Ind... .|Sullivan....... 15.2} 31.7) 44.8} 8.3) 0.6) 11,150]........ 
Big Eagle.......... W. 29.2 62.0] 5.8| 0.8] 14,150)......... Brazil Block...... Ind... ./Clay........... 16.0) 31.3 46.5) 6.2) 1.0) 11,460)......... 
Bradshaw......... W. Va..|/McDowell..... 22.1) 70.0] 5.4] 1.0] 14,540]......... Semi-Block....... Ind..../Greene. ...... 10.9} 40.3) 41.3) 7.5) 2.9) 12,010]........ 
Campbell Creek...|W. 26 32.6 5.4] 14.070/2400-2800 | Minshall.......... Ind. Vermilion. 12.3] 37.6 39.0] 11.1] 4.6] 11,010)........ 
Coalburg.......... - Va. .|Fayette........ 1.8] 34.4) 58.0) 5.8] 0.7] 14,050]......... 13.1) 37.7) 40.7) 8.5) 2.4) 11,410)........ 
Eagie.............. . Va..|Fayette........ 2.5 29.7 62.3] 0.6 14,360|2400-3000 | District No. 13: 
Fire Creek......... W. Va..|Raleigh........ 2.7] 16.4 74.7] 1.0] 14,260|2400-2800} Yeshic............. 4.4) 31.7) 47.7) 16.2) 1.3) 11,620)......... 
Va...../Buchanan..... 2.6| 20.8 73.2) 3.4] 0.5] 14,870]......... Ala..,.../Bibb........... 2.9] 34.8) 56.1] 6.2) 0.8) 13,830/2100-2400 
Langhorne........ Va.....|/Pulaski........ 3.6] 10.8) 66.7] 18.9] 0.5) 11,840)......... a. Fayette........ 3.1 33.9) 52.5] 10.5] 0.7) 12,790)......... 
L Seaboard....... Va.....|/Tazewell...... 3.1] 27.3 65.7] 3.9] 1.0] 14,650]......... Battle Creek...... Ala.....|Jackson.... 2.9) 34.4) 52.7] 10.0) 1.2) 13,210)......... 
Merrimac......... Va.....|Montgomery..| 2.4] 11.5] 66.7] 19.4] 0.6 ,000|2400-3000 | Black Creek....... a. Jefferson...... 2.9) 31.8) 61.5] 3.8) 0.7) 14,410/2500-2800 
Pocahontas No. 3.|Va...../Tazewell...... 3.2] 19.9] 72.5] 4.4] 0.6] 14,570/2200-2600 | Black Creek....... Ala.,...|Marion........ 5.1) 37.3 54.4) 3.2) 1.4] 13,640)........- 
Pocahontas No. 3.|W. Va..|McDowell..... 2.7) 17.6] 73.7] 0.7] 14,440/2200-2700 | Helena............ Ala.....|St. Clair...... 3.9 34.2 56.0) 5.9) 1.0) 13,580)......... 
W. Va..|Raleigh........ 2.6] 16.4) 74.1] 0.7] 14,210/2600-2900 | Montevallo........ Ala.....|/Shelby........ 2.9 38.4 52.8] 5.9] 0.8) 13,700)........-. 
Pocahontas No. 4.|W. Va..|McDowell..... 1.9] 15.9) 75.4] 6.8] 0.5) 14,370/2100-2400 | Blue Creek........ Ala...../Tuscaloosa...| 4.7 24.4) 61.7) 9.2] 0.6) 13,360)......... 
Pocahontas No. 5.|Va.....|/Tazewell...... 3.4) 21.0) 69.4) 6.2] 0.5] 14,200)......... Brookwood....... Ala.....|/Tuscaloosa...| 3.3} 31.0) 52.8} 12.9) 1.5] 12,450]......... 
Pocahontas No. 6.|W. Va..|Wyoming...... 2.0] 17.9] 74.6] 5.5] 0.6] 14,520/2500-2900 | Mary Lee.......... la. Walker........ 3.6] 30.9] 53.0] 12.5] 0.8] 12,320|2600-2900 
Greenbrier....| 3.0) 22.6 68.6) 5.8) 0.5) 14,350)......... Corona............ Ala.....|Walker........ 2.6] 38.1) 49.4) 9.9] 2.3] 12,950)......... 
Powellton......... W. Va../Fayette........ 3.1] 32.0) 59.4) 5.5) 0.7) 14,130)......... Ga.. 3.5 27.2 64.0) 5.3) 1.0) 14,250)......... 
i Va.....|Tazewell...... 2.2! 30.9) 59.7] 7.2] 0.6] 14,060]......... Durham No. 5..... Ga.. Walker........ 3.1) 20.0) 70.5) 6.4) 1.0) 14,190]......... 
Red Ash........... W. Va..|/McDowell..... 1.5] 23.8 70.0] 4.7] 0.8] 14,890]......... Durham No. 4..... a. Walker........ 3.2) 19.5) 67.6) 9.7] 0.8] 13,610).... 
Sewell............. W. Va..|McDowell..... 3.0) 18.1 72.9] 6.0] 0.6) 14,300/2400-2600 | Sewanee........... Tenn...|Grundy....... 3.3] 29.7) 58.0) 9.0) 0.6) 13,260/2300-2700 
Greenbrier... 3.1] 25.0 66.8] 5.1] 1.3] 14,290/2200-2500 U Clifty........... Tenn...|Hamilton..... 2.8) 29.7) 57.6] 9.9) 2.5) 13,430)......... 
W. | 2.5! 18.2 72.21 7.11 0.5! 14,18012500-2900 Nelson............ Tenn...\Rhea.......... 1.9) 31.8 58.01 8.3! 0.7! 13,7001......... 


The above data is condensed from more comprehensive information recently compiled by the Bureau of Mines, in cooperation with the Consumer’s Counsel, Bituminous Coal 
Division. In the original data, a specimen analysis, selected as typical by use of frequency curves, is given for each bed or seam in each county, state, and producing district. 
This table gives a single specimen analysis for typical seams in each producing district; where a seam shows a wide range of characteristics, two specimen analysis are included, 
comprising, in most cases, the high and low volatile percentages recorded in the data. Fusion temperatures show usual range encountered. These analyses are from run-of-mine 
samples; screenizgs would probably show slightly more ash and, ared coals would should slightly less ash and sulphur and higher heating value. 

Only coals from fields east of the Mississippi are included; other analyses are im preparation. All will be published in a series of “‘data books’? to be issued by the Con- 
sumer’s Counsel, Bituminous Coal Division, Dept of the Interior. /** : 
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Liquid and Gaseous 


VE) ETROLEUM and its byproducts 
. furnish practically all the commer- 
cially used liquid fuels. Geologists be- 
lieve that decomposition of minute 
marine growths, or possibly of vege- 
table matter in some cases, formed the 
oil which lies trapped in pools between 
layers of the earth’s crust. This crude 
oil consists of complicated combina- 
tions of carbon and hydrogen called 
hydrocarbons. Crudes from the Appa- 
lachian field (see map) are rich in a 
class of hydrocarbons called paraffin 
compounds; these crudes are said to 
be paraffin-base oils. In western fields 
another family of hydrocarbons domi- 
nates, making these crudes asphalt-base 
oils. Crudes of the Mid-Continent field 
contain both hydrocarbon groups and 
so are called mixed-base oils. 

Crude oil moves from well to re- 
finery by pipeline in most cases; most 
refinery capacity lies near producing 
fields. Although every state boasts some 
local refining capacity, ten states ac- 
count for 90% of the nation’s total. 
Texas, with 1,389,595 bbl daily capacity, 


TABLE I—OIL MEASUREMENTS AT 60F 


Lb Btu Btu Lb per Weight F UELS 
Gravity Specific per per per 42-gal per 
deg, API gravity gal Ib _ gal barrel cu ft , ye Sent 
4 Fuel Source Composition Btu/cu ft Remarks 
8.63 18,290 157,840 362.62 64.59 Blast-fur- Byproduct of 58% No, 27% CO, 90-100 Good fuel when 
8.57 18,340 157,170 359.98 64.12 nace gas iron making 12% COx, 2% He, cleaned — used 
18,390 357.37 63.65 some CH, mainly at source 
8.44 18,440 155,340 81 63.19 
8.39 18,490 155,130 352.46 62.78 Butane Byproduct of C.Hio (usually 3200-3260 Liquifles under 
® 18, 154,620 350.15 62.36 gasoline mak- has some buty- slight pressure, 
8.27 18,590 153,740 347.71 61.93 ing, alsoincas- lene C.H; and sold as liquid 
8.22 18,640 ing-head gas propane C;H,) 
8.16 18,690 152,510 342.88 61.07 
8.10 18,740 151,790 340.53 60.65 Casinghead Oil wells Varies, mostly 1200-2000 Used mostly in 
¥ 18,7 151,260 338.22 60.24 gas butane & pro- oil flelds 
7.99 18,840 150,530 335.91 59. pane 
7.94 18,890 149,980 333.64 59.42 
7.89 18,930 149,360 331.42 59.03 Carburetted Manufactured 35% Ha, 34% CO, 500-600 Good fuel, but 
A 18,980 148,610 329.23 58.64 water gas__ from coal, en- 15% 49 138% usually costly. 
7.78 19,020 147,980 327.05 58.25 riched with oil CoHy, 2% N2,1% Part of most city 
7.73 19, 147,330 324.91 57.87 vapor co, gas 
7.68 19,110 46,760 322.81 57.49 
7.63 19,150 146,110 320.71 57.12 Coke-oven Byproductcoke 48% H2, 32% 500-600 Good fuel when 
7.58 19,190 145,460 318.65 56.75 gas ovens CHy, 8% No, 6% cleaned, often 
7.53 19, 144,800 316.59 56.39 CO, 3% C2Hy, used at source 
7.49 19,270 144,330 314.58 56.03 2% COx, 1% O2 
7.44 19,310 143,670 2.60 55.68 
7.39 19,350 142,990 0.63 55.32 Natural Gas wells Varies, mostly 950-2200 Ideal fuel, piped 
7.35 19, 142,440 308.70 54.98 gas CH, C:Hs, C:Hs to point of use 
7.30 19,420 141,770 306.81 54.64 
7.26 19,450 1,210  #04.92 54.31 Oil gas Manufactured 54% Ho, 27% 500-550 Used on West 
7.21 19,490 140,520 .03 53.97 from petroleum CH, 10% CO, Coast, often 
19,520 139, 301.18 53.64 3% N2, 3% mixed with 
7.12 19,560 139,270 53.32 3% coke-oven gas 
7. 19,590 138,690 297.57 53.00 
7.04 19,620 138,120 295.80 52.68 Producer Manufactured 59% No, 22% CO, 135-165 Requires clean- 
7.00 19,650 137,550 294.04 52.37 gas from coal, coke, 11% Ho, 6% COn:, ing 
6.96 19,680 136,970 292.32 52.06 wood, etc 2% CHs 
6.92 19,720 136,460 290.64 51.76 
6.87 19,750 135,680 288.91 51.46 Propane Byproduct of C,H: 2500 Similar to bu- 
6.83 19,780 135,090 287.23 51.16 gasoline tane 
6.79 19,810 134,510 285.55 50.86 
Refinery Byproduct of Varies, mostly 1200-2000 Used mainly at 
The above relation between specific gravity and API degrees is expressed by the gas petroleum pro- butane and pro- refineries, some 
formula cessing pane piped 
141.5 
= Specific vity at 60 F Sewage Sewage-disposal 65% CHi, 30% 600-700 Many disposal 
131.5 deg + API deg ~ ~POCme Gravity gas plants CO2, 2% Hz, 3% plants meet all 
For each 10F above 60F add 0.7 deg API N2, traces of O:, power need 
For each 10F below 60F substract 0.7 deg API CO, H:S with this fuel 
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leads with almost 30% of the total, 
while California (935,910 bbl daily) 
comes in second with 20%. The re- 
maining eight, in order of importance, 
are: Pennsylvania (308,100 bbl), New 
Jersey (255,950), Illinois (251,850), 
Indiana (242,750), Oklahoma (228,- 
375), Louisiana (210,250), Kansas 
(169,970), and Ohio (167,000). Fuel 
oils move into nearby markets by truck 
and tank car; coast-wise tankers serve 
the seaboard areas. 


Kinds of Fuel Oil 


Since practically all fuel oils are 
either products or byproducts of re- 
fining, the way they are made has more 
to do with their fuel qualities than the 
source of the crude. Fuel oils can be 
grouped into four general classes: 
topped crudes, distillates, residuals, 
and refinery wastes. “Topping” takes 
out gasoline, kerosene, and gas oil, leav- 
ing an oil suited to fuel use. Because 
this extremely simple process results in 
a small yield of the more valuable 
products, it is rarely employed today. 


If the crude is subject to complete dis- 
tillation, oil suited for fuel purposes 
will be distilled off between the kero- 
sene and lubricating-oil fractions. This 
distillate oil, because of its purity and 
superior characteristics, commands a 
good price as diesel-engine fuel and for 
use in oil-burners not able to handle 
heavier oils. 

Residual oils, as the name implies, 
are what is left after distilling off most 
of the lighter parts of the crude. Being 
literally “left-overs,” they usually con- 
tain heavy tars and impurities. Thermal 
cracking, a refining process designed to 
increase the yield of gasoline, pro- 
duces a residual oil likely to be even 
heavier than that resulting from the 
older processes. The newest refining 
processes (Houdry, or catalytic crack- 
ing) produce no residual oil at all, only 
a small quantity of tar. This develop- 
ment carries possibilities of serious 


_ shifts in the fuel-oil picture. 


At the moment, residual oils that form 
the bulk of liquid fuel used for steam 
generation constitute a byproduct and 
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the supplies available depend largely 
on the demand for gasoline. Wide- 
spread use of processes in which fuel 
oil must be produced deliberately, in- 
stead of some other product, might 
change the economics of the situation 
completely. At present only about 
10% of refinery capacity works on the 
Houdry or catalytic processes. The in- 
fluence of changing refinery methods 
shows in these figures: in 1920, 42% of 
crude processed came on the market as 
bunker fuel while today it’s 25%. 

Refinery wastes have little or no com- 
mercial value and are usually burned 
at the refinery or in adjacent plants. 
They include acid sludge, which results 
from using sulphuric acid to remove 
tarry or gummy constituents from oil; 
tars, which may include some sludges 
from acid cleaning operations or dis- 
tillation residues; tank cleanings or 
bottoms which include oil of varying 
gravity and volatility, dirt, water, salts, 
asphaltic and waxy semi-solid materials, 
and often iron scale. 

Fuel oil, like the crude from which 
it is made, consists mostly of carbon 
and hydrogen, with a few percent of 
oxygen, nitrogen and sulphur. Hydro- 
gen has a much higher heating value 
and lower atomic weight than carbon; 
it’s easy to see that the proportions 
of carbon and hydrogen will affect both 
the specific gravity and the heating 
value of the oil. Because of this, spe- 
cific gravity forms a reliable guide to 
an oil’s heat content, see Table I. 

Specific gravity in degrees API 
(American Petroleum Institute) is 
found by dividing the specific gravity 
with respect to water (at 60 F) into 
141.5 and subtracting 131.5 from the 
answer. Gravity in degrees Baumé is 
found the same way except the numbers 
are 140 and 130. For practical engi- 
neering work, the two gravity scales 
may be considered the same. 


Viscosity 


The relative ease or difficulty with 
which an oil flows is called its viscosity. 
It is measured by the time in seconds 
a standard amount of oil takes to flow 
through a standard orifice in a device 
called a viscosimeter. Various viscosi- 
meters find use but the usual standard 
in this country is the Saybolt Universal 
or the Saybolt Furol for oils of high vis- 
cosity. Since viscosity changes with 
temperature, viscosity tests must be 
made at a standard temperature, usually 
100 F for Saybolt Universal and 122 F 
for Saybolt Furol. 

Viscosity indicates how oil will be- 
have when pumped and, more particu- 
larly, shows when preheating is re- 
quired and what temperature must be 
maintained. 

Flash point represents the tempera- 
ture at which an oil will give off enough 
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vapor to make an inflammable mixture 
with air. The result of a flash-point test 
depends on the apparatus used, so this 
must be specified as well as the tem- 
perature. The Cleveland open cup and 
the Pensky-Martens closed cup are the 
usual methods. Flash point measures 
volatility of oil and indicates maximum 
temperature for safe handling. 

The pour point represents the lowest 
temperature at which an oil will flow 
under standard conditions. Including 
pour point in a specification insures 
getting an oil that will not cause han- 
dling trouble at expected low tem- 
peratures. 

By centrifuging a sample of oil, the 
amount of water and sediment can be 
found. These are impurities, and while 


Natural gas and oil have a common 
ancestry and as the map shows, fre- 
quently occur together. Rapid strides 
in construction of pipelines brings nat- 
ural gas to consuming centers far-re- 
moved from the fields; at present, pro- 
moters plan a line from Texas to the 
Philadelphia-New York area. 

Natural gas is colorless and odorless, 
burns with a slightly luminous flame, 
and is highly explosive when mixed with 
air. It usually contains methane 
(CH,) and ethane (C:H.), both hydro- 
carbon gases. Small amounts of carbon 
dioxide and nitrogen complete the 
typical analysis. The heating value 
averages about 1000 Btu per cu ft 
(20,000 Btu per Ib) but may run as 
high as 2000. Because in its natural 
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it is not economical to eliminate them, 
they should not occur in excessive 
quantities (not more than 2%). In- 
combustible impurities in oil, from 
natural salts, from chemicals used in 
refinery operations, or from rust or 
scale picked up in transit, show up as 
ash. Some ash-producing impurities 
cause rapid wear of refractories and 
some are abrasive to pumps, valves and 
burner parts. The carbon-residue test 
(sometimes called Conradson carbon) 
indicates carbon-forming tendencies 
and may permit detection of heavy 
residual products in blended oils. 

All the tests mentioned above are 
covered by ASTM standards which 
should be consulted for details of ap- 
paratus and methods. 


Fuel Gases 


Only natural gas has any commercial 
importance as a fuel for steam genera- 
tion. Manufactured gases run too high 
in cost for this purpose. In most cases, 
byproduct gases run low in heating 
value and are produced in quantities 
inadequate for widespread distribution. 


state this gas constitutes a nearly ideal 
fuel, it is necessary to know little more 
of its characteristics than the ultimate 
analysis and the heating value. A modi- 
fication of the well-known Orsat appara- 
tus provides a simple and _ reliable 
means of carrying out an _ ultimate 
analysis. Heating value is usually 
measured by the Junkers calorimeter, 
but may be calculated from the ultimate 
analysis. In some cases natural gas is 
sold by the therm (1,000,000 Btu) in- 
stead of by the cu ft. 

Of the byproduct gases, butane and 
propane find increasing use in engines. 
Refinery gas, the next richest, makes a 
good boiler fuel in refinery power 
plants. Blast-furnace gas, coke-oven 
gas and producer gas usually contain 
solid matter which is removed by clean- 
ing. However, blast-furnace gas has 
been used directly in a boiler furnace 
with little or no cleaning, and has 
proved entirely satisfactory. The low 
heat content of these gases, particularly 
blast-furnace and producer, makes it 
uneconomical to distribute them at any 
distance from the source. 


(793) 77 


i 
| 
i 
{ 
| 
| 


IGNITION 
Match will 
not ignite 
candle wax ‘ 


“---Match flame 
me/ts wax 


< Candle without 
‘ ---------- 


Nothing will burn unless or 
until 1s a gas 


Lf mixture in engine 
cylinder rs too rich, 
no explosion /s 
possible 


Evenagas will not 
burn unless mixed 
with a minitmum 


a quantity of air 
Gasoline. or ) 
benzine,. 


vid 


You cant ignite a pool of 
gasoline or with a cigarette, 
: buta spark will explode the vapor 


Vapor is heavier 
than air - pours 
like liquid 


Liquid 
gasoline 
Flames will travel 


wherever vapor 


Collects in low 
places, 


Beware vapor of gasoline 
or oft, particularly hot 


because the vapor sinks 
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How Fuels — 


Carbon and hydrogen are the constituents of a fuel 
that burn, or we can say that oxygen burns. Actually the 
first two combine with the last: the resulting chemical 
action gives off heat, the important thing we are after 


~£> OST of our knowledge of heat, 
burning, fire and smoke comes 
by direct experimental trial and error. 
We accummulate many misconceptions 
because the experience comes to us at 
an early age. Many years later, ideas 
partly or totally wrong remain fixed in 
our minds along with sound conceptions 
more recently accummulated. Heat 
does not rise; hot air rises. Gasoline 
does not explode; the vapor it gives off 
so readily will burn rapidly if mixed 
with enough air. Flame is not always 
yellow; some flames are blue, some 
colorless. Smoke is composed of solid 
particles, but they were once a gas. 

Because an understanding of what 
happens in and near a fire is essential 
to diagnosing trouble with it, and _ be- 
cause getting down to fundamentals at 
the beginning saves explanations later, 
several simple facts are here set down 
as foundation material. When a clear 
conception of what things will burn 
and how they can be ignited is kept in 
mind, CO in a flue-gas analysis and 
smoky oil flames are easier to correct. 

Nothing will burn unless or until it 
is a gas. The wax of a candle cannot 
be ignited unless there is a wick. The 
wick, when heated by the flame of a 
match, draws up a little melted wax 
by capillarity until a little can be 
vaporized and ignited. A pool of gaso- 
line cannot be lighted from a cigarette 
because the smouldering tobacco uses 
up all the oxygen nearby and cannot 
raise the temperature of either liquid 
or vapor to the ignition point. Fuels 
that liquefy on heating usually melt at 
temperatures below their flash point. 
Solid fuels must be swept by fast mov- 
ing air to remove the gas formed in 


burning and expose an added layer of 
incandescent atoms to the grasping 
arms of an oxygen molecule. 

Even a gas will not bu.n until it is 
mixed with a minimum amount of air. 
A flooded carburetor has puzzled many 
an irate motorist. Too much fuel for 
the air is as unburnable as too much 
air for the fuel. All gases have a 
range of mixtures with air within which 
combustion is possible. Rich mixtures 
(much fuel with little air) burn with 
different amounts of heat and different 
chemical reactions from lean mixtures. 


Effect of Temperature 


Temperature affects the speed of 
burning. Every element of fuel has a 
temperature range below which the 
rate of burning in air is so slew as to 
be unnoticed and above which combus- 
tion is violent and self-sustaining. 
Gases have a “flash-point” temperature. 
If they are heated above their flash 
point with sufficient air, combustion 
spreads from molecule to molecule 
very rapidly. Liquids are said to have 
a flash point, but a more accurate de- 
scription would be that their vapors 
flash into flame at that temperature. 

Higher temperatures at the point of 
combustion produce more radiant en- 
ergy. Reflected back on cool fuel, 
greater radiation causes more rapid 
ignition, increases rate of flame travel. 

Burning takes time. Usual combus- 
tion reactions are so fast that the time 
interval seems instantaneous. It is easy 
to see that a 12-in. oak log will keep 
the fireplace warm for a long time but 
it is not always so clear that an 
0.002-in. particle of pulverized coal will 
travel several feet between the time it 
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is ignited and complete combustion. 
Carbon and hydrogen are the only 
elementary fuels. All our normal fuel 
supply originally came from sunshine, 
carbon dioxide and water, and cost no 
more than the energy of falling water 
derived from the same source. When 
the fuel is burned, it reverts to the 
original natural products and _ ash, 
which also returns to the soil from 
whence it came. Sulphur and traces of 
other elements do burn and give off 
heat, but common practice considers 
these reactions as negligible and their 
constituents as impurities. The chem- 
ists, too, can produce some interesting 
types of combustion with entirely dif- 
ferent effects from those normally ex- 
perienced in steam boilers, for example 
burning aluminum with chemically 
available oxygen to weld steel rails. 
Oxygen from the air is the only ele- 
mentary burning agent. It can also be 
said that oxygen is the only commercial 
fuel since it is necessary to every heat- 
producing reaction. Air can burn in 
gas in the same way gas burns in air. 


A Chemical Reaction 


Combustion is a chemical reaction, 
but most of the problems associated 
with burning fuels are mechanical. 
The actual combination of the elemen- 
tary carbon and hydrogen with oxygen 
will proceed rapidly and completely if 
surrounding conditions are favorable. 
These conditions can be very simply 
stated: (1) correct proportions of car- 
bon and hydrogen must be brought 
into close mixture with a corresponding 
amount of oxygen, (2) the temperature 
must be brought up to the ignition 
point and remain there a sufficient time 
for all the fuel and oxygen to combine. 
Carrying out these requirements be- 
comes a varied mechanical problem. 

In general, the smaller the particles 
of liquid or solid fuels, the more inti- 
mately they can be mixed with oxygen 
and the more rapid the chemical reac- 
tion. This leads to atomizing liquids 
and pulverizing solid fuels. Gas fuels 
are already capable of mixing with air 
and mechanical problems are reduced 
to providing the correct proportion. 

Burning is most easily understood by 
starting with the combustion of gas. 
Since all other fuels burn as gas, (or 
as if they were gas) the fundamentals 
are similar. 

The old-fashioned “fishtail” burner 
primarily produces light, incidently 
also some heat. Ordinary illuminating 
gas of widely varying composition is 
forced through a slotted opening into a 
flat, thin stream. The dark area near 
the burner tip is cold gas in the proc- 
ess of picking up and mixing slightly 
with air. Suddenly the mixture 
reaches correct proportion and _ starts 
to burn rapidly only a few hundredths 
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of an inch from relatively cold, too- 
rich mixture. 

This rapid heating “cracks” the gas 
chemically and sets free carbon parti- 
cles from the molecules that were pre- 
viously chemical compounds. The par- 
ticles of carbon glow to incandescence 
and make the flame visible. The tem- 
perature of the visible part of the flame 
is nearly constant from bottom to top. 
Each carbon particle is surrounded by 
a microscopic envelope of CO, which 
is gradually swept away until the par- 
ticle is completely burned at the tip 
of the flame. 

Combustion is quite complete, with 
very littlke CO. The carbon particles 
can be chilled and their burning 
stopped by any cold object put in the 
flame. The deposit of lampblack or 
“soot” is identical with similar de- 
posits sometimes found on the tubes of 
steam boilers. 


Mixing Gas and Air 


When gas is burned to obtain heat, 
mixing the gas with air before it ap- 
proaches the flame accomplishes a 
quite different type of flame. The 
simple example is a_laboratory-type 
“Bunsen” burner, a small jet at the 
base of a mixing tube. The flame at 
the top of the tube then becomes blue 
and nearly colorless because no par- 
ticles of carbon are produced. 

As the mixture of cold gas and air is 
heated, more slowly than in the fish- 
tail burner, some oxygen enters the 
“hydrocarbon” molecules of the gas 
and the molecule is “hydroxylated” in- 
stead of “cracked”. Thus a difference 
in the point of mixing and in the rate of 
applying heat produces an entirely dif- 
ferent flame that will not deposit soot 
on a cold surface. The flame passes 
as “non-luminous” even though quite 
visible and of a generally bluish color. 

The same sort of blue flame can be 
produced from liquid fuel in a range 
burner or a “kerosene stove”. After 
a preliminary warming-up period, gas 
vaporized from the wick by radiation 
of heat from the flame above, rises 
between two perforated plates by ordi- 
nary chimney action. The mixture is 
very rich in oil vapor, too rich to burn. 
Air, however, drawn in the small per- 
forations by the draft created from the 
hot gas above, forms small flames of 
air burning in oil vapor exactly oppo- 
site to the usual conception of flame. 
Each perforation forms an individual 
flame until oil-vapor is consumed. 

No attempt is made in power boilers 
to burn low-grade fuel oils with this 
type of non-luminous flame because 
heavy fuel oils “crack” much too easily 
under the influence of very hot fur- 
naces. Such furnaces must provide for 
sufficient flame travel to prevent soot 
deposit on relatively cold walls. 
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Proper understanding of how the many different types of 


mechanical stokers work begins with a study of what the 


stoker is trying to accomplish at each stage in the com- 


bustion process, what these processes are, and what effect 
coal properties have on the problem of getting air to coal 


OAL IS STILL the principal fuel 

w for steam and power generation. 
A large part of “steam” coal is now, 
and will continue to be, burned on 
grates. 

Present regulation of coal prices by 
law may not increase the incentive to 
try lower grade coals in a given in- 
stallation, but any change in the rules 
governing natural supplies is apt to 
require reconsideration of whether or 
not the best coal for the price is be- 
ing burned on a given stoker. Selec- 
tion among several coals can be made 
on the basis of “steam tests”, where 
the fuel on trial is actually burned for 
a sufficient period to determine boiler 
performance, but such tests often do 
not develop the full possibilities of the 
new coal because of unfamiliarity with 
its characteristics on the part of the 
operator. 


Mechanical Stokers 


An understanding of the behavior of 
coal on a fuel bed during its change 
from “green” coal to ash and flue gas 
helps any operator make the necesary 
adjustments on his own stoker to take 
advantage of coal characteristics. The 
process of burning is simple, and fun- 
damentally chemical. Stokers on the 
other hand, are more or less compli- 
cated, and their problems are entirely 
mechanical. Their job is to hold the 
fuel bed in position while air is brought 
in contact with the combustible ele- 
ments long enough to get out all the 
heat units with the least practical ex- 
cess air, without smoke, and with a 
minimum combustible left in the ash. 

There are four distinct stages in 
burning coal on any grate: (1) coal is 
pushed, dropped, or thrown into a re- 
gion of high temperature within the 
furnace, (2) a part—zero to 40% by 
weight—of the coal is distilled off as 
combustible gas (mostly hydrocarbons 
and CO) and burned above the fuel 
bed, (3) remaining solid carbon or 
coke is kept red hot and swept vigor- 
ously by air until completely burned, 
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best suited to a given coal, or vice 
versa. 

Classifying stokers by the type of 
fuel bed rather than operating mech- 
anism, the four types are: (1) under- 
feed, (2) traveling-grate, (3) overfeed 
and (4) spreader. Manufacturers have 
been ingenious in developing mechan- 
ical details and modifications aimed at 
improvement or elimination of specific 
troubles with certain coals, but these 
four types of fuel bed are fundamental. 

The fuel bed of an underfeed stoker 
can be quite thick at the head, usually 
tapers off to extreme thinness at the 
tail. Coal enters, in multiple-retort de- 
signs, between rows of tuyere plates, 
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and (4) remaining ash is removed 
from the furnace zone. 

Important characteristics of coal are 
ash content and softening temperature, 
volatile content, caking and coking 
qualities. Ash-softening temperature 
and caking qualities not only vary 
among coals of different seams in the 
same locality but may be appreciably 
different under varied conditions of 
burning. Caking (or coking) and 
clinkering, more than any other factors, 
determine the type of fuel bed (stoker) 


and generally below both the active 
fire zone and air-admission zone. Green 
coal is thus heated slowly over a con- 
siderable portion of the fuel bed and 
air from the head tuyeres mixes with 
and burns the volatiles. Secondary rams, 
or pushers, move the entire mass of 
the fuel bed down the sloping tuyere 
rows and onto some form of overfeed 
extension grates where the fuel is fin- 
ally reduced to ash. Secondary rams 
not only move the fuel bed but gently 
break up coke formations. 
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Coal of any usual ash content can 
be fired efficiently on underfeed stokers, 
but low fusion temperature of ash be- 
gets clinkering. Water cooling of tuyere 
rows helps avoid clinkers. Ingenious 
moving extension grates improve efh- 
ciency at high rates of combustion. 
Non-coking coals can be burned but 
the underfeed type is standard for 
high-grade Eastern bituminous coals of 
the coking type. Good performance is 
assured at 30-40 lb of coal per hr per 
sq ft of projected grate area on Fast- 
ern coals but high burning rates up to 
100 lb have been achieved. 

Mixtures of anthracite fines and bitu- 
minous coal have been successfully 
fired on underfeed stokers. Overfire 
jets of high-velocity air have decreased 
tendency to smoke at extremely high 
fuel-burning rates; no additional air 
is used, as part of the normal air sup- 
ply is diverted for this purpose. Oil 
firing as supplementary fuel is also 
practicable over fuel beds without dis- 
turbing the efficient operation of the 
stoker. 


Traveling Grates 


Traveling-grate stokers, either of 
chain-grate or bar-grate construction, 
do not agitate or disturb the fuel bed. 
Consequently, they are best adapted to 
free burning non-coking bituminous 
coals, coke breeze, anthracite and lig- 
nite. They burn high-ash coals well, 
but special designs are required if ash 
content is so low as to form insufh- 
cient protection for the grates from the 
heat of the fire. 

The length of time the fuel burns 
varies with the length of grate and the 
speed of travel. Fuel-bed thickness is 
adjusted by an entrance gate. Ignition 
is aided by refractory arches which 
also serve to narrow the passage through 
which unburned volatiles and excess air 
must pass. The latter effect aids burn- 
ing of combustible gases and is par- 
ticularly important in the case of high- 
volatile coals if high efficiency is to be 
attained. Many varied arches and set- 
tings are used to suit boiler designs 
and coal characteristics. 

Overfeed stokers of the inclined-grate 
type feed coal onto a hearth or dead 
plate where volatiles are distilled off. 
An ignition arch is sometimes pro- 
vided and overfire air nozzles are com- 
mon. The grate surface, sliding bars 
or rocker plates, moves the fuel bed 
gradually down to the ash pit. 

A wide range of coals can be burned 
on overfeed types of fuel bed but best 
performance is obtained from relatively 
small size units operating at moderate 
coal-burning rates. 

Spreader stokers, gaining favor both 
in new installations and in moderniza- 
tion programs to replace hand firing, 
most nearly resemble hand firing in the 
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cracks. Volatiles are distilled slowly 


off quickly 


character of fuel bed produced. Coal 
is fed by a relatively high speed rotor 
(or pneumatically) into the furnace 
at a distance of a foot or more above 
the flat grate surface. Sufficient im- 
pulse is imparted to carry the heavier 
particles of coal the full length of the 
grate, lighter ones part way. The fines 
burn in suspension; medium-size par- 
ticles distill off most of their volatile 
content and fall to the grate as hot 
coke or carbon; very large pieces (pref- 
erably not over 114-in.) give up at 
least part of their volatile before drop- 
ping on the hot fuel bed of the spreader 
stoker. 

Fuel bed burning for spreader stokers 
is restricted to coke or carbon and can 
consequently be maintained uniformly 
very thin. Most of the combustible is 
consumed above the grate where air- 
fuel mixture can be maintained close 
to most desirable ratio. Spreader stok- 
ers have little tendency to smoke, but 
a considerable proportion of the ash 
of the fines is carried through the 
boiler into the breeching. 

Several other mechanical combina- 
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Hot-coke mass 
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tions of coal-feed and grate motions 
are utilized to provide refinements of 
these four fuel-bed arrangements, such 
as the part overfeed and part travel- 
ing-grate design. They differ in the 
means of maintaining the fuel bed but 
the principles of combustion are the 
same. 


Efficiency by Air Control 


In maintaining all fuel beds the fol- 
lowing principles should be kept in 
mind: (1) The amount of fuel burned 
and the heat output of the boiler are 
controlled by varying the air supply as 
practically all the oxygen in combus- 
tion air is consumed in passing through 
the first few inches of hot carbon. (2) 
Some air must be supplied over the 
grate to burn combustible gases 
quickly. (3) Increased turbulence of 
overfire air improves mixing with com- 
bustible gases and improves their burn- 
ing within restricted furnace volumes. 
(4) Efficiency depends on maintaining 
excess air at a minimum (highest CO.) 
consistent with complete combustion of 
volatiles. 
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With pulverized coal, combustion is speeded by reducing 


particle size and aided by better control of fuel-air mixture. 


With oil and gas, secret is intimate mixing of fuel and air 


aD ULVERIZING COAL to the fine- 
“* ness of flour yields a fuel that will 
flow in pipes like a liquid and burn in 
a furnace much like a gas. An 0.002-in. 
diameter coal particle goes through the 
same burning process as gas in a fish- 
tail burner or a particle of oil from an 
atomizing nozzle. 

As in a stoker fuel bed, each particle 
of coal gives up its volatile content 
within a fraction of a second after the 
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radiant heat of the furnace starts to 
raise the temperature. Each particle 
burns separately. Enough air (primary 
air) is introduced at the burner, inti- 
mately mixed with the stream of coal 
particles, to burn the gas resulting 
from the separate distillation of each 
of the stream of particles. The volatiles, 
mostly hydrocarbons, ignite more easily 
than the carbon remaining in the parti- 
cle and heat the latter to incandescence. 


Secondary air, introduced around the 
burner opening in a direction opposing 
the coal-stream flow, sweeps past the 
hot carbon particles and gradually 
burns with them in a flame several feet 
in length. 

Primary air not only serves as a 
carrier for the coal particles from the 
pulverizing mill to the burner, but also 
enters the furnace as part of the coal 
stream. Thus volatiles burn quickly 
and without smoke. Secondary air, 
enough to make up the remainder re- 
quired for complete combustion, must 
pass the residual carbon particles at 
sufficient velocity to sweep away the en- 
velope of CO. that surrounds each 
particle. 

High-volatile more 


coals require 


primary air than low-volatile coals. A 
rough and ready rule is that the per- 
centage of primary air should equal the 
percentage volatile in the coal. High- 
volatile coals ignite more easily and 
burn more quickly than low-volatile fuel 
because a greater part of the heat con- 
tent is given up by burning gas. An- 
thracite and low-volatile coals are diffi- 
cult to ignite (require a rich coal-air 
mixture at the burner tip and _ rela- 
tively long flame travel). Furnace de- 
signs for anthracite include a refractory 
arch. Finer pulverization aids the speed 
of burning for such coals. 

Most of the early experience with 
burning coal in pulverized form was 
obtained from large central-station 
boilers. Advantages in control of fuel 
and air flow, speed of burning, and 
efficient combustion of slack coals offer 
greatest incentive in large-size units. 

Furnaces for pulverized-fuel firing 
are completely or nearly completely 
water cooled. High temperatures re- 
sulting from radiation of incandescent 
fuel particles tend to destroy refractory 
rapidly; heat-absorbing surface built 
into the furnace walls reduces the 
amount of convection surface necessary 
in the boiler proper. 

Burners are of many types. Large 
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quantities of coal per burner are usually 
fired between the tubes of the water 
wall in multiple-opening burners. Tur- 
bulence is created by directing the sec- 
ondary air to carry the coal stream 
downward or, by firing from the four 
corners of a vertically disposed furnace, 
in a swirl occupying the entire furnace 
volume. Smaller burners impart a rota- 
tion of the primary coal-air mixture in 
one direction and the secondary air 
oppositely. 

In any case, it is the function of the 
burner to mix the primary and second- 
ary flows with a maximum of turbu- 
lence to insure relative motion between 
individual coal particles and fresh oxy- 
gen, after the volatile part has been 
consumed, in order to burn the carbon 


completely. Volatile gas burns with a 
hot luminous flame; carbon particles 
may still be giving up useful heat a 
considerable distance after the flame 
apparently ends. 

Furnace and burner arrangement de- 
pend greatly on the properties of ash 
in the coal. In general, high fusion 
temperature of ash indicates the use 
of a dry-bottom furnace, low-fusion-ash 
coals, especially in large boilers, are 
fired in slag-tap furnaces. 

Ash formed under good combustion 
conditions contains iron in a_ highly 
oxidized form and has a higher firing- 
temperature range than indicated by 
laboratory tests. Fineness of pulveriza- 
tion and good combustion reduce the 
carbon content of the ash and so tend 
toward higher oxidation of the iron, 
thus keeping the ash from forming slag 
on water walls and tubes in the dry- 
bottom furnace. 

Slag-tap furnaces, developed about 
1926, remove a part of the ash from 
the combustion zone by directing the 
burner flame generally downward over 
a pool of molten slag. These furnaces 
are suitable for high heat releases and 
tend to remove the low-fusion tempera- 
ture elements of the ash so that less 
slagging occurs on the walls and boiler 
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tubes proper. Slag pools must be kept 
hot enough to remain molten so that the 
slag flows continuously over a water- 
cooled weir or ring into a quenching 
pit where it is broken up by water 
streams. 

Pulverized-fuel firing offers most ad- 
vantage in large-size units where its 
over-all cost compares favorably with 
stoker firing and the inherent operating 
efficiencies can be realized fully. Units 
from 30,000 to 250,000 Ib per hr steam- 
ing capacity require economic consider- 
ation of stokers with pulverized coal to 
determine what local factors justify the 
one over the other. Smaller units, below 
30.000 Ib per hr, have been developed 
and operate well, but more simple 
stoker installations will usually be 


PULVERIZED 
GAS ORO 


found preferable when all factors are 
considered. 

One of the advantages often advanced 
for pulverized-coal firing is the ability 
to obtain the full benefits of air preheat. 
While stokers now are operating satis- 
factorily with preheated air tempera- 
tures around 500 F, good practice 
usually restricts this value to about 350 
F. No actual limit can be placed on 
the temperatures used with pulverized- 
coal, although 550 F is usual. Pre- 
heated air, occupying considerably more 
volume per lb than cold air, produces 
a somewhat longer flame, so that a 
burning carbon particle can find enough 
oxygen to become completely consumed. 

Preparation of coal for pulverized 
firing requires (1) a measuring device 
for supplying coal at a uniform con- 
trolled rate to the mill, (2) pulverizing 
in a hammer, roller or ball mill to the 
most economical degree of fineness, 
(3) supply of warm dry air to the mill 
to pick up and transport the coal, (4) 
piping to convey the coal-air mixture 
to the burner. 

Practically all present-day pulver- 
ized-fuel installations are “unit-mill” 
arrangements in which coal is fired im- 
mediately after pulverizing; no pulver- 
ized-coal storage is provided. The unit 


system is not only simpler, involving 
less auxiliary equipment, but avoids 
hazard in that the quantity of pulver- 
ized coal never exceeds that contained 
in the mill and the short length of 
piping to the burner. 

Such drying of coal as required is 
usually done within the pulverizer. Pre- 
heated air is tempered by cold air to 
160-200 F and drawn or forced into 
the mill. Wet coals require somewhat 
higher temperatures. Air thus drawn 
through the mill carries the coal to the 
burner and is used for combustion. 


Oil and Gas Burning 


Liquid and gas fuels require no 
elaborate equipment or preparation for 
burning. Fuel oil of high viscosity must 
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be heated to 180 F or higher to provide 
sufficient fluidity for atomization at the 
burner. 

A good flame and complete combus- 
tion from an oil burner depend on 
thorough atomization of the fuel at the 
burner whether by forcing mechanically 
the oil through a nozzle under pressure 
or by using auxiliary steam. Enough air 
must, of course, be blown into the fur- 
nace through burner registers to mix 
quickly with the drops of fuel. If the 
amount of air is insufficient, if mixing 
is not quickly obtained, or if atomiza- 
tion is not fine enough to secure rapid 
ignition and burning, the oil will crack 
to give off soot and tarry vapors. Steam- 
atomizing types require about 1% of 
the boiler output for steam supply to 
the burner. 

Burning small quantities of gas re- 
quires only a simple venturi tube to 
premix air and gas before they reach 
the heat of the furnace. Many com- 
mercial burners, therefore, are sub- 
divided into small units each firing 
through its own mixing tube. Others 
of larger diameter employ an impeller 
to ensure complete mixing of air and 
gas. If combustion conditions are cor- 
rect, the furnace will be clear and with- 
out visible flame. 
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precipi- 
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and 


The way to cure smoke is not to make it; the 


remedy for solids-discharge nuisance is sepa- 


rating ash particles from flue gas. 


Here 


are basic principles and how to apply them 


¥ ONSTITUENTS that tend to form 
‘ smoke are as much a part of na- 
tural coals as the elements that have 
heating value. The particles of ash that 
form flyash and cinder were also built 


into the coal and cannot be eliminated. - 


Smoke comes from tar and _ hydro- 
carbons in the volatile portion of the 
coal. Tarry compounds and _ hydrocar- 
bons are gasified by the heat of the 
furnace and unless mixed with air and 
burned quickly, decompose to form 
soot particles. These represent nuisance 
from a smoky stack and loss of eff- 
ciency because part of the combustible 
is not burned. Smoke is composed of 
particles mostly sub-microscopic; they 
probably fall to earth only when they 
collect moisture and help form fog 
and rain. 


Why Smoke Forms 


Physical causes of smoke are: (1) 
insufficient excess air or overfire air, 
(2) too vigorous agitation of the fuel 
bed, (3) too rapid distillation of vola- 
tiles, (4) too small or too cold a fur- 
nace. 

Cinder and flyash have come to be 
taken as only those particles that were 
part of the solid coal, remained solid 
throughout the combustion process and 
have been swept up through the boiler 
by high-velocity flue gas. If the coal 
contains fine particles (below 14 in.) 
and high air velocities through fuel 
beds or in pulverized-coal furnaces are 
necessary for high ratings and efficient 
combustion, then cinder or flyash will 
be carried up with the flue gas. Whether 
the discharge is a nuisance or not de- 
pends entirely on the quantity of dis- 
charge, the size range of the particles 
and the character of the surrounding 
neighborhood. 

Stoker cinder, somewhat finer than 
flyash but containing 10-15% of 


through-200-mesh particles, can be kept 
out of the nuisance class by any of 
several relatively low-cost cinder 
catchers of the centrifugal, cyclone, 
washer or fan types (Power, July, Au- 
gust, 1939). 

No economic justification can be cal- 
culated in dollars as a return on invest- 
ment in cinder catchers as they do not 
contribute to combustion efficiency or 
anything else except “to keep the 
neighbors happy”. However, because 
the cost is reasonable, small in propor- 
tion to the total boiler-plant investment, 
and because the nuisance is real in 
settled communities, there is a definite 
trend toward installing cinder-removal 
equipment. 


Flue-Gas Solids 


Underfeed stokers usually are fav- 
ored with low-ash coals. Only when 
operated at high ratings does more than 
1% of the total coal (perhaps 5-10% 
of the ash content) go up into the boiler. 
Because the cinder contains a large pro- 
portion of coarse material, much is de- 
posited in boiler passes and flues. 

Traveling-grate and spreader stokers 
usually burn high-ash coals and con- 
siderable quantities of cinder are ap- 
parent even at moderate coal-burning 
rates. Simple, low-cost cinder-catching 
devices reduce the nuisance to an ac- 
ceptable stack-discharge condition for 
most localities. 

Original dry-bottom pulverized-coal 
boilers collected only 10-20% of flyash 
below the furnace; the remainder in- 
evitably went up through the boiler 
unit, and, because of its fineness, out 
the stack. Larger furnaces and slag-tap 
designs can account for up to 50% of 
the flyash. Stack discharge can be kept 
low only by electrostatic precipitators 
or high-efficiency, inertia-type dust 
collectors. 
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HOW FUEL PROPERTIES AFFECT DESIGN AND OPERATION OF STOKER-FIRED PLANTS 
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capacity; may cause handling difft- 


Your 


Designing a plant without first making a careful analysis 


of the fuel situation is like buying a railroad ticket without 


first deciding where you are going—it can be done but 


there isn't much sense to it. Here is an outline of the factors 


involved in making a thorough-going fuel survey 


FUEL is a package of energy 
(Btu’s) plus other qualities, good 
and bad, which affect the way it behaves 
in use and so affect the equipment 
needed to burn or handle it. Because 
the package can’t be taken apart, select- 
ing fuels cannot be reduced to simple 
terms. The job of picking your fuel 
breaks down into two phases, depending 
on whether a proposed plant or an exist- 
ing plant is involved. 
In the first case, the problem is to get 
a combination of fuel and equipment 
that will meet all the operating require- 
ments, both present and future, with 
the lowest over-all cost. In the second 
case, the problem involves analyzing 
equipment characteristics to determine 
which fuels can be burned satisfactorily 
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and then finding which of these will 
prove most economical. Let’s look at 
the first problem more closely. 

A thorough-going fuel survey should 
precede everything but the decision to 
build a steam plant, since choice of fuel 
affects practically every item in the 
boiler house. The purpose of such a 
survey is threefold: (1) to find out what 
fuels are available in a given area, 
(2) to establish the relative value of 
these fuels, and (3) to attempt to pre- 
dict. or at least allow for, changes in 
relative value in future years. It would 
be wrong to say this is a simple job, 
except where only a few fuels are avail- 
able, but there is no part of the design 
that will pay bigger dividends over the 
life of the plant. In many cases, it pays 


to bring in an expert fuel consultant 
to make the survey. 

Where gaseous and liquid fuels are 
available, the matter of type and grade 
plays little part and the survey is rela- 
tively simple. Where coal is involved, 
the story is likely to be different; here 
is where the job is usually skimped. In 
many areas, a wide range of kinds and 
sizes of coal is available and, in the 
past, the engineer rarely knew about 
more than a small fraction of them. To 
some extent the operation of the Bitu- 
minous Coal Act of 1937 (the Guffey 
act) helps remedy this situation; let’s 
see why. 

Under the Bituminous Coal Act, the 
nation is divided into 23 producing dis- 
tricts and more than 200 market areas 
(see maps, pages 72, 75). In each 
market area, there is a minimum price 
for each kind and size of coal shipped 
into that area; coal may not be sold at 
less than the minimum price for its size 
and grade. A schedule of the prices is 
on file at the Bituminous Coal Division, 
Dept of the Interior, Washington. These 
prices, which were arrived at after 
lengthy conferences and public hearings, 
take into account such factors as cost 
of production, freight, and competitive 
conditions, as well as the various useful 
or objectionable properties of the par- 
ticular coal involved. 


Guffey Act Effects 


From the buyer’s point of view, the 
practical effects of the Act are: (1) a 
slight increase in the average price of 
coal (some coals are cheaper than be- 
fore price-fixing, others are more ex- 
pensive), (2) a slight decrease in the 
price spread between premium coals and 
“low-grade” coals, and (3) stabilization 
of the market and elimination of “spot” 
bargains. The Act does not in any way 
equalize values or eliminate the possi- 
bility of savings resulting from careful 
selection of coal. It does eliminate sav- 
ings from “smart buying,” from taking 
advantage of local or seasonal distress 
conditions. To this extent it makes coal 
buying more of a “technical” science 
and less a “business” art. 

Studies leading to setting minimum 
prices yielded what promise to be valu- 
able byproducts, highly useful in making 
fuel surveys. For example, the tabula- 
tion on page 74 shows what coals were 
shipped into each market area in 1937. 
This gives a factual start to any coal 
study. The first step involves finding the 
market area in which the proposed plant 
is to be located, using either the map 
on page 75 or, for borderline cases, the 
booklet published by the National Coal 
Association, Washington, D. C. (Bitu- 
minous Coal Railroad Freight Destina- 
tions, $1.00.) 

For any market area, we can find from 
the tabulation which producing districts 
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2 Majer factor affecting cost ( both 
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shipped into that area, and how much. 
Remember that these figures, while the 
best available, represent conditions in 
1937, and that the operation of the Act 
has and will change the picture some- 
what. As a practical matter, the relative 
amounts shipped have little bearing on 
the fuel survey; the major use of the 
table lies in showing what coals are 
available in a given market area. 

To find the characteristics of coals 
from a given producing district, consult 
the typical analyses on page 73.’ These 
are based on a complete set of typical 
and range analyses for each bed and 
seam, prepared by the Bureau of Mines 
and the Consumers Counsel, Bituminous 
Coal Division, from the vast number of 
analyses introduced at public hearings 
on the Act and from existing data. In a 
short time, complete analysis data, 
maps of producing districts showing 
mine locations, and complete lists of 
mines, will be published by the Con- 
sumers Counsel, Bituminous Coal Divi- 
sion, Dept. of the Interior. Copies of 
these “Data Books” will be available at 
a nominal price. 


Set up Fuel List 


From these sources it is possible to 
set up a list of the fuels available to 
the proposed plant, complete with char- 
acteristics and prices. This should be 
arranged on a_ cost-per-delivered-Btu 
basis. If allowance didn’t have to be 
made for differences in the properties 
of the fuels and, therefore, in the kind 
and amount of equipment necessary 
for handling and burning them, this 
list would give the answer. As it is, 
it’s just a starter toward a more com- 
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plete study which takes into consid- 
eration plant design and cost. 

It is obviously impractical to make a 
complete study for each fuel involved, 
showing estimated operating costs (in- 
cluding maintenance) and _ estimated 
investment. Luckily this is rarely nec- 
essary. In most cases it will be pos- 
sible to estimate operating costs for 
gas, oil, and the best coal, and to pre- 
pare rough investment figures for each 
kind of plant. Although the kind of 
coal to be fired makes some difference 
in plant investment, it is relatively 
slight compared to differences between 
oil or gas and coal. 


More Accurate Analysis 


If the results of this preliminary 
analysis come out closely enough to be 
affected by differences in investment 
required for several types of coal, the 
comparison can be made on a more 
accurate basis. As a practical matter, 
in such cases it might be wiser to de- 
cide on coal, since a later change to 
oil or gas would require only a modest 
investment. A combination-firing ar- 
rangement might represent the best 
answer. 

At this stage, consideration should 
be given to possible future shifts in the 
fuel situation. In general. coal prices 
are stable and change fairly slowly. 
Large supplies. consistent production 
costs, regulated freight rates, and now 
price-fixing all contribute to this  sta- 
bility. On the other hand, oil and gas 
prices show a much more variable 
trend, being more limited in supply. 
A study of past performances of each 
fuel in the given area will shed some 


Where the out- 


light on the situation. 
look is doubtful, it may pay to add 
slightly to the investment and provide 
for combination firing. A few years of 
burning low-price oil may wipe out 
the added investment for oil firing and 
show a handsome profit (see “Hotel 


New Yorker Goes Back 
Power, September, 1940). 

Assuming that the preliminary an- 
alysis shows some form of coal to be 
the best fuel, what happens next? This 
depends somewhat on the coals in- 
volved, and also on the kind of firing 
equipment contemplated. A few ex- 
amples will show how this works out. 
Assume the plant in question is, for 
controlling reasons, to be stoker fired. 
If the comparison lies between a free- 
burning and a caking coal, the nature 
of the stoker selected will depend large- 
ly on the choice of coal. If the free- 
burning coal and the necessary unagi- 
tated-fuel-bed stoker proves the best 
combination, such a choice more or less 
rules out caking coals from later con- 
sideration. Where the decision carries 
this limiting effect, it should be made 
with extreme care, and assurance as 
to continuance of the supply and price 
situation is necessary. 


to Coal,” 


Does Versatility Pay? 


The other common situation can be 
illustrated by considering a large plant, 
where pulverized firing is contemplated. 
Here the choice is like to be, not be- 
tween two setups differing considerably 
in type, but between setups differing 
largely in degree. Specifically, such a 
case is likely to boil down to a com- 
parison between a minimum-investment 
plant which will burn satisfactorily only 
the best coals of the lot or a similar 
but more expensive arrangement ca- 
pable of handling any coal in the group. 
This latter layout will probably include 
greater furnace volume, more pulverizer 
capacity, drying facilities, etc. 

Keeping first cost down weighs heavi- 
ly with both buyers and manufacturers. 
At such a time, possible future savings 
from using cheaper fuels and from 
greater latitude in fuel buying, are 
likely to look small. Experience proves 
this attitude shortsighted in many cases 
and it seems sound general practice to 
build as much fuel versatility into a 
plant as is economically possible. 

Even after a wise choice as to fuel and 
general plant layout is made, the ques- 
tion of fuel must be kept in the fore- 
front at every stage of the actual de- 
sign. Fuel properties and plant de- 
sign tie-in at many points, as the dia- 
grams on pages 85 and 86 show. At- 
tention to this angle at the drafting- 
board stage will prevent some small 
limitation creeping into the plans which 
will look big when the time comes to 
operate the plant and buy fuel for it. 
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Spending the 


High steam cost and operating headaches follow “needle- 


in-the-haystack” fuel buying. Getting the most for your 


money means knowing first what fuels you can’t burn 


and then selecting the most economical of those you can 


SELECTION responsibility 
/* rests squarely on the shoulders of 
the power engineer. He is the only man, 
aside from the independent fuel con- 
sultant, who understands all the facts 
needed to spend the fuel dollar wisely. 
The purchasing agent can help with his 
knowledge of market conditions and 
buying procedure, the salesman and 
fuel-service engineer can supply facts 
about their fuels, but the power engi- 
neer must coordinate these with plant 
requirements and make the choice. 

Because coal is a complex substance 
with many good and bad properties in 
addition to the heat energy for which 
it is bought, coal selection cannot be 
reduced to a simple formula. What fol- 
lows is an outline of a sound procedure 
which can be followed in most plants. 
Because it involves a minimum of test- 
ing and a maximum of “horse-sense,” 
it comes closest to meeting the needs of 
the small plant. 

The right coal for any plant is the 


one that will carry the load, meet all 
reasonable operating requirements and 
produce lowest over-all steam cost. 
While any coal can be burned in any 
plant, after a fashion, every practical 
engineer knows that many plants have 
design and equipment limitations that 
bar certain coals, either because they 
will not carry the load, because relia- 
bility will be seriously impaired, or be- 
cause intolerable operating difficulties 
will be encountered. Regardless of 
price, such coals cannot be used. 

To eliminate a lot of unorganized 
trial-and-error testing, the power engi- 
neer must examine every part of his 
plant from coal pile to ashpit and stack, 
with but one thought in mind, to locate 
and evaluate every factor affecting coal 
selection. Even the engineer familiar 
with his plant will find such a fuel-engi- 
neering analysis reveals limitations he 
wasn’t aware of or puts the finger on 
the exact cause for some limitation 
vaguely recognized. 


Check List of General Plant Conditions 
Affecting Coal Selection 


FUEL AND ASH HANDLING: 


Is coal stored long enough to make weathering important? 
Need to watch spontaneous-combustion tendencies? 
Would wet coal hamper flow and cause freezing? 

Does rough handling bar extremely friable coals? 

Would dust from excessive fines constitute a nuisance? 
Must ash be limited because of inadequate handling? 
What is coal and ash-handling cost per ton, including labor? 
Do segregation difficulties put a premium on sizing? 


LOAD. CONDITIONS: 


What burning rate results from maximum load? Duration? 
What is lowest load to be carried for any length of time? 

Is load fluctuating or fairly steady? 

Is spare boiler capacity always available? 


SMOKE AND DUST EMISSION 


Is smoke emission restricted by law? 
Is there any specific restriction on flyash? If so, what? 
Does the plant have effective dust-collecting equipment? 


OPERATION: 


To what extent is combustion controlled automatically? 
Are operators experienced and competent? 


Does plant have adequate metering equipment for tests? 


Of equal importance, he will find 
that some limitations thought to exist 
will disappear on close examination. By 
removing false restrictions on coal 
choice, the analysis may actually widen 
the range of coals suitable for use and 
so lead to savings from wider latitude 
in buying. The analysis will also show 
how much weight to give various fuel 
properties that affect operation favor- 
ably or unfavorably but do not neces- 
sarily bar the coal from use. 

The check lists on this page and the 
next give some idea of the questions 
the power engineer must ask and 
answer in making a fuel analysis of his 
plant. Experience and records will fur- 
nish some of the answers definitely and 
easily; others will have to be deter- 
mined by trial. For example. a low 
boiler setting causes smoke trouble at 
high burning rates with high-volatile 
coals. The engineer knows this but has 
no records that would indicate the 
maximum amount of volatile matter that 
will permit operation at high rates 
without exceeding the smoke require- 
ments. A few tests with sample ship- 
ments of coal will give the answer. 


Limiting Factors 


Limiting factors on coal use will take 
various shapes in different plants; in 
many cases the limitation will occur 
outside the furnace. For example, in- 
adequate ash-handling equipment may 
require putting a limit on the ash con- 
tent of fuels burned. A plant equipped 
with excessive preheater surface, which 
produces a low exit-gas temperature, 
may find it necessary to limit sulphur 
content of fuels burned to avoid rapid 
and expensive corrosion of preheater 
and breeching. 

In considering the furnace and firing 
equipment, it will be found that each 
factor of the design must be considered 
in relation to the burning rates encoun- 
tered and to the nature of the load; 
that is. whether it is steady or fluctu- 
ating. For example, the minimum ash- 
fusion temperature for clinker-free 
operation on an underfeed stoker de- 
pends largely on combustion rate. Like- 
wise, the nature of the load affects the 
importance of the caking qualities of 
coals; a fluctuating load may bar a 
strongly caking coal from use on a 
stoker with inadequate agitation of the 
fuel bed, or from a hand-fired grate. 

The engineer must also remember 
that one property of a coal may modify 
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another. Thus presence of excessive 
fines may aggravate clinkering tenden- 
cies, producing trouble with a coal hav- 
ing apparently satisfactory ash-fusion 
characteristics. 

Finally, in making the fuel analysis 
of his plant, the engineer must distin- 
guish between limitations and prefer- 
ences. For example, in a plant with 
barely enough pulverizer capacity, if 
grindability drops below a definite 
point, the load can’t be carried; coals 
with lower grindabilities are worthless. 
However, if pulverizer capacity is 
ample, the engineer may still prefer 
high-grindability coals since grinding 
costs will be somewhat less. The saving 
in power consumption and in cost of 
replacing wearing parts will indicate 
how much can be paid for higher grind- 
ability. Some properties of coal have 
importance only as limits, never as 
preferences. For example, once the 
minimum ash-fusion temperature for 
trouble-free operation has been deter- 
mined, any increase in fusion tempera- 
ture has no value. 

The completed plant analysis boils 
down primarily to a set of limitations 
expressed as far as possible in coal 
properties that can be measured (ash 
content, fusion temperature, sulphur 
content, etc) with properties that still 
defy exact expression (caking quality, 
weathering properties) stated as clearly 
as possible. Armed with this analysis, 
the power engineer can tackle the list 
of coals available in his district, elimi- 
nating immediately those that fail to 
meet the minimum requirements. 

At this point relative prices enter the 


picture. The list of coals remaining 
after the first elimination should be set 
up on the basis of delivered-cost-per- 
Btu. This will immediately permit a 
second elimination, divided into two 
parts: (1) of the coals meeting all re- 
quirements, eliminate all but the best 
two or three from the delivered cost 
standpoint, and (2) from the coals ex- 
hibiting one or more undesirable quali- 
ties, eliminate those where low cost 
seems insufficient to compensate for 
undesirable properties. 

Note that up to this point the only 
testing required has been of a simple 
sort and that even such trials as men- 
tioned for setting the upper limit of 
volatility are only needed where plant 
records and observations are lacking on 
a particular point. Elimination can be 
carried even further without need for 
full-fledged evaporation tests. Each of 
the coals whose cost per Btu is low 
should be studied to determine how 
much weight must be given to the un- 
desirable properties which pull its price 
down. High ash content may make no 
difference in a plant where ash can be 
sold; in a plant where removal must 
be paid for every increase in ash con- 
tent involves a definite cash outlay. On 
this basis, other coals can be eliminated, 
still without testing. 

For the small plant without test in- 
struments, this may be enough. What 
looks like the best value among the re- 
maining coals can be used for a short 
period. If it behaves satisfactorily and 
there is no apparent increase in oper- 
ating troubles or maintenance it can be 
used with a fair degree of confidence. 


Check List of Furnace and Firing Conditions 
Affecting Coal Selection 


FURNACE: 


Is volume ample for conservative heat release per cu ft? 
Can flame travel required distance without striking tubes? 
Does lack of refractory surface make ignition difficult? 
What is furnace temperature just ahead of first tube row? 
What is temperature in combustion zone? 

Does furnace shape promote turbulence and mixing? 
How much air preheat, if any? 


STOKER: 


What is general stoker type? 


How much agitation does fuel bed get? 

How well can underfire air be distributed and controlled? 
Is there enough overfire air and at the right places? 

How much do coal size and coking quality affect fuel bed? 
Does stoker distribute coal properly over fuel bed? 


PULVERIZED-COAL FIRING: 


Is mill capacity ample to handle low grindability coals? 
What is grinding cost per ton, including parts replacement? 
Does inadequate drying capacity limit moisture content? 
Does amount and location of water-cooled surface restrict 


use of low-volatile fuels? 


Is furnace dry bottom or slag top? What range of ash- 
fusion temperatures insures satisfactory operation? 
Does furnace bar high-ash fuels requiring long flame travel? 


If the plant has equipment for 
evaporation testing, plant trials will 
help verify the analysis up to this point 
and further sort out the remaining coals. 
By avoiding hit-or-miss plant testing, 
a large number of coals can be given 
consideration and the necessary careful 
testing can be given those worthy of 
it, all without excessive expense. 

To be worthwhile, plant tests must 
be carefully made and the results must 
be analyzed properly. The errors in- 
volved in casual tests will often exceed 
the differences in coal quality. Every 
effort must be made to keep load condi- 
tions about the same from test to test. 
Boiler surfaces should be equally clean. 
Finally, each coal should get equal at- 
tention and skill from the operating 
force. This does not mean each should 
be fired the same way; it means each 
should be fired to get best results, 
allowing for its peculiarities on the 
given equipment. This, in turn, means 
that each test should be preceded by a 
“warm-up” period to give the operating 
force a chance to get acquainted with 
the coal and its behavior. During this 
warm-up and the test itself, everything 
connected with the coal’s performance 
should be studied and checked against 
the plant analysis. 

If none of the coals display any 
markedly unsatisfactory operating char- 
acteristics, final selection will depend 
on over-all steam cost indicated for 
each. This will be made up of fuel 
cost, as calculated from the evaporation 
results, and maintenance and labor 
costs as estimated from observation. 

Differences in evaporation results 
must be taken with a grain of salt 
since relative coal values are not the 
only factors affecting evaporation. 
Operation of other factors can often 
be determined and allowed for by cal- 
culating a boiler heat balance. By 
knowing what happens to the heat in 
the coal, you can often place the blame 
for increased losses. 

Unless plant testing extends over a 
fairly long period, it is difficult to esti- 
mate any differences in operating costs 
due to different coals. Items like in- 
creased power cost for handling or pul- 
verizing can be measured easily but 
differences in maintenance costs will not 
show up for some time and then must 
be analyzed carefully to be sure they 
result from some property of the coal. 

Normally analysis and testing will 
yield several coals having nearly the 
same value, any one of which will prove 
economical. Even under present price- 
fixing arrangements, relative coal values 
will change. Likewise plant conditions 
change, sometimes in equipment, but 
more often in the amount and nature 
of the load. These changes necessitate 
constant revision of the plant analysis 
and the coal selection data. 
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The first boiler (installed five years ago) is completely out of New outdoor Riley boiler for Shell Oil Co’s Wood River (TIl.) 


doors with not even a canopy over the burner front. This refinery is a 125,000-Ilb-per-hr unit complete with water-cooled 


unit has operated successfully since 1935 


Wood River Opens Up 


> Back IN 1935 the Shell Oil Co. at its 
Wood River (Ill.) refinery installed 
one of the first completely outdoor 
boiler installations in the North. This 
consisted of one 5840-sq-ft Riley boiler 
with water-cooled furnace and proved 
so successful that Shell decided to add 
another unit in 1939. As an interesting 
sidelight, engineers report that it was 
approximately 15 deg below zero the 
day the boiler was placed in operation 
January of this year. 


The new steam-generating unit operates 
now at 160 lb superheater-outlet pressure 
and 575 F total steam pressure. How- 
ever, it is designed to operate in the 
future at 650 Ib and 750 F 
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furnace, steel-clad insulated setting and Riley tubular air heater 
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-KNOW-BUT 
SHOULD 


How can you protect your 
children from goitre? The best 
answer is Worcester lodized 
Salt. The Council on Foods of 
the American Medical Asso- 
ciation states: “Iodized Salt 
used daily as the only salt on 
the table and in cooking richly 
supplements the iodine of diets deficient 
in that element and thus helps to protect 
against simple goitre.” So be sure you 
insist on Worcester lodized Salt. 


Worcester Salt Co., America’s oldest 
refiner of pure salt, New York, U.S. A. 


Salt Co. obtains 


The Worcester Salt Company are ob- 
taining excellent results from the 150,- 
000 lbs./hr. Riley “RP” Boiler Unit, 
they recently installed at their Silver 
Springs, N. Y., refinery. As has been 
the case with installation after installa- 
tion, this unit went on the line without 


even minor starting-up difficulties; is 
est 
J npany giving complete satisfaction and is 
x0 galt ©° operating at better than guaranteed 
e bes er aes results — actual efficiency is 87.3% 
xake ge ond ise against a guarantee of 86.4%. 
ys pee? econ? Riley has climbed to a position of 
pat 125 che ‘pest grate leadership in the boiler and fuel burn- 
alt ing industry because Riley design and 
ne to Sat k hi bsolute depend 
ome wore workmanship assure absolute dependa- 
as est ible: equi 1940 e vest bility and outstanding results—because 
is wh qne e che ye pest ce) me ” ’ 
yndet “ices to ma make * ent: Riley surely gives them their money's 
y pest ants gt ea worth 
ompa™? che aie™ e be \ey R . 
“Tt pet use When you consider additional steam 
ait 2 at 18 why nstalle generating or fuel burning equipment, 
gon company, 4921 it will pay you to investigate Riley 
Sal equipment. A thorough inspection of 


STOKER CORPORATION, Worcester, Mass. 


Boston New York Philadelphia Pittsburgh Buffalo Cleveland Detroit Tacoma 
Baltimore St.Louis Cincinnati Houston Chicago Milwaukee Denver 
Memphis St. Paul Kansas City Los Angeles Atlanta New Orleans 


recent Riley installations will def- 
nitely establish the superiority and 
great value of Riley equipment. 


A survey of your power plant by a consulting engineer will possibly show 
ways of making surprisingly large savings in power costs. 
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results 


WORCESTER SALT COMPANY 


SILVER SPRINGS, N. Y. 
Complete Riley Steam Generating Unit 


Capacity 150,000 Ibs. of steam per hour. Efficiency 87.3%. 
Unit equipped with Riley Boiler, Superheater, Water 
Walls, Air Heater located at side of unit, Steel-clad 
Insulated Setting, fired by Riley Pulverizers and Riley 
Burners 


from Rilcy 


WORCESTER SALT COMPANY, Silver Springs, 
ea plant. (Refiners of Quality Salt for all Pur- 
poses, including — for Water Softeners). 
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> BouLpeR DAM and powerhouse never cease to 
attract attention. Recently, when twelve bypass 
needle valves were tested, more than 20,000 visi- 
tors, a record for a single day, witnessed the 
majestic spectacle, Figs. 1 and 2. Six valves high 
up in each canyon wall below the power plant 
o bypass water around the dam to supplement dis- 
charge through the power units, when this is 
necessary. 

In Fig. 2. the mighty water jets are seen from 
the power house shooting out at each other across 
the canyon. Above the jets, on a platform sup- 
ported from an overhead cableway, are a group 
of engineers observing action of the water. 

By the end of this year Boulder power plant will 
‘ have installed ten 115,000-hp and one 55,000-hp 
main units, and two 3500-hp service turbine- 
generators—a total of 1,212,000 hp, making the 
plant the largest in terms of capacity in the world. 
Recently contract for the eleventh 115,000-hp 
unit was let; General Electric will build the 


generator and Allis-Chalmers the waterwheel. 


needle-valve test. 
powerhouse from top of Boulder Dam 
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Fig. 2—Engineers observe action of the mighty cataracts during 
Photo taken looking downstream at the 


Fig. 1—Water spouting from twelve bypass needle valves in a recent test at 
Boulder Dam. This view from canyon wall below the dam looking toward 


Lake Mead 


Fig. 3—Early morning sun illuminates the generator gallery 
in the Nevada wing of Boulder Dam powerhouse. Its 1,212,000 
installed hp make it the largest-capacity plant in the world 
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THE OLD CHIEF 


II—The Horse With the Scarred Knees 


Second in a series of reminiscences by William Doran, chief 


engineer, Essex County Sanatorium, Windsor, Ontario. 


Writing of the inspiration of the past, he has captured much 


of the human side of engineering that lies beneath the maze 


of power-plant costs and the waving lines on paper disks 
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The Chief brings in a visitor and finds a rip-roaring euchre game in full song 


>I REMEMBER that sometime after I 
had parted company with the Old Chief, 
he asked me to recommend an engineer 
for maintenance and relief work. I did 
so, and later when I found that my 
nominee had not been hired I was in- 
trigued as to why the Old Chief had 
turned him down. 

At our next meeting he thanked me 
for sending along the man. “You know, 
son,” he said, “my old dad was a horse 
trader and he would never buy a horse 
that had scars on its knees. He figured 
a horse that had fallen down a few times 
was. likely to fall again. 

“Well, that man you sent me lost a 
finger and fell off a ladder when he 
worked at the packing plant, was badly 
scalded at the rubber works and fell off 
another ladder when he worked at the 
mill. So I guess he is just like the 
horse with the scarred knees—just plain 
unlucky to have around.” 

As I have mentioned before, the Old 
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Chief spent many years in the merchant 
marine and he never for a moment for- 
got the many traditions of that service. 
For instance, the three engineers in the 
pump room were “Slim”, “Hank”, and 
“Shorty” to everyone in the plant except 
the Old Chief. To him they were always 
Mr Hosegood, Mr Appleby and Mr 
Hollings. A fireman, on securing his 
engineer’s certificate, became Mister 
from that day on. 

One night the Old Chief was return- 
ing from downtown about midnight in 
the company of a young man recently 
graduated as an electrical engineer. As 
they were passing the plant, the Old 
Chief invited his companion to step in- 
side and see a new synchronous motor 
just installed to achieve power-factor 
correction. Unfortunately, the moment 
coincided with the time that the firemen, 
water tenders and other help around the 
power house had selected (against all 
rules) for a community lunch time, and 


a rip-roaring euchre game was in full 
song. 

The Old Chief walked with his friend 
through to the engine room and dis- 
cussed the new motor for a few minutes. 
He then introduced the senior engineer 
to his friend and as he was leaving he 
called the engineer aside and said, “By 
the way, Mr Brown, you will kindly 
give each of the men on your shift a 
written copy of the rules regarding 
relief at meal times. Also, arrange for 
the spare engineer to relieve each man 
one week in order that he may have time 
to obtain a full understanding of the 
rules. 

“T also regret that I will have to ‘log’ 
you for this, Mr Brown. You should 
know that a boiler room is a place for 
work, not for play. There are ample 
facilities in this town for those who 
wish to play and this is not one of 
them.” 


The Log Book 


I can assure you that there were no 
more roaring euchre games in that 
plant. And this personal “log” book was 
not a myth by any means. If an engi- 
neer’s neglect or omission was the cause 
of an outage in any of the services, or 
if any action of his endangered a fellow 
employee, he was duly booked in the 
log. 

There was the case of a man who 
placed a 125-lb valve in a line carrying 
300 lb. Luckily the boner was discov- 
ered in time to prevent flying brass. 
Another entry involved a man who 
failed to mark and lock the switch on a 
550-volt line on which men were about 
to work, 

Every entry in the log book had its 
own story. For instance, we used a lot 
of hot water for process work and the 
water that had passed through a large 
ammonia condenser was used as feed for 
the hot-water tank. One afternoon a 
leak developed in one of the condenser 
tubes, which in turn brought an un- 
pleasant surprise and tears to the eyes 
of all users of hot water in the entire 
factory. For some reason the engineer 
in charge failed to isolate the trouble 
promptly, and so he was booked for “in- 
competence in emergency.” 

There were two names that carried 
the notation “work shy” and one 
dubbed “trouble maker.” Entries of this 
nature were the exceptions; most were 
such as “Left on this date to better him- 
self. A man of good character, worthy 
of greater responsibility.” 

Some years: ago the Old Chief was 
called to serve the Great Chief up above 
and I know the entry there is, “A com- 
petent man of good character—worthy 
of greater responsibility.” 
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Operating Experience With 
a Slag-Tap Furnace 


John P Topolosky, steam engineer, St Croix Paper Co, 


Woodland, Maine, reports results of four years’ opera- 


tion of a slag-tap furnace under a high-pressure boiler 
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Fig. 1—Cross-sections through slag-tap hole in furnace. 
Fig. 3—Redesigned slag-tap furnace bottom 


furnace bottom. 


> ABOUT FOUR YEARS AGO it became ad- 
vantageous for us to use a low-grade 
coal containing 3.97% sulphur, 15.5% 
ash, fusing at less than 2000 F and that 
became fluid at 2300 F. Previously we 
had been burning a high-grade coal in 
pulverized form in a dry-bottom furnace 
with side and rear walls water-cooled. 
After some experimenting we decided 
that, because of the low ash-fusing 
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Fig. 2—Original slag-tap 


temperature, the low-grade coal could 
be burned only in a slag-tap furnace. 
Construction of this furnace was 
described in January, 1939, Power, 
page 90. Since that time we have had 
several interesting experiences. 

Fig. 2 shows a cross-section through 
the original furnace bottom, which 
served for about two years and then had 
to be renewed. In this design the slag 


had a tendency to hang back on the 
furnace floor when it was drained to a 
low level. To overcome this difficulty 
the side and back walls of the furnace 
bottom were given a long slope toward 
the slag-tap hole, see Fig. 3. This new 
design, combined with operating im- 
provements, has worked very nicely and 
is being used under a new boiler now 
being installed, rated 150,000 lb per 
hr at 450 lb and 725 F total tempera- 
ture. 

The front wall of the dry-bottom fur- 
nace was rebuilt and the two burners 
set to point inward and downward at 
an angle of about 8 deg. To insure high 
enough temperature at the slag-tap 
hole, the burners were arranged to ro- 
tate the flame inward. This directed 
the flame downward over the center of 
the slag-tap hole and then outward 
and upward along the furnace side- 
walls. We were of the opinion that the 
flame should lap the slag pool, but have 
found that this is objectionable and 
unnecessary. 


Operating Troubles Cured 


We used to have trouble with minia- 
ture explosions in the slag as it flowed 
from the tap hole. These explosions 
caused small pieces of slag to fly in 
every direction. We eventually found 
that if the flame was not allowed to 
contact the slag these explosions would 
not occur. 

We also had considerable trouble 
with flame erosion of the side and rear 
walls. This difficulty has been prac- 
tically eliminated by adjusting the 
burners to keep the flame away from 
the walls. When doing this we try to 
keep the flame uniform across the 
furnace so as to blanket the slag pool 
from black surfaces of the boiler. To 
do this successfully the ignition head 
around the burners must be kept free 
of slag. 

Proper pulverizing of the coal is an 
important factor in the successful oper- 
ation of a slag-tap furnace. Particles of 
coal too large to be completely burned 
in suspension burn on their outside, 
become encased in a solidified slag 
shell, and fall into the slag pool. These 
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particles seem to require a higher tem- 
perature to melt than that of the molten 
slag and form an accumulation in the 
slag pool that looks like hot sand. This 
material hinders the free flow of the 
slag from the furnace and should be 
avoided by keeping the pulverizers in 
first-class repair. 

Our slag-tap system is of our own 
invention and very simple, but it has 
worked very well. It consists of a slot 
5 in. wide a little higher than the top 
of the slag pool in the front wall of the 
furnace bottom. This slot is closed by 
firebrick laid flat and backed up with 
wet flyash, as in Fig. 1. To tap the 
furnace we take out one brick at a time 
and dig out the flyash until the slag 
flows and is carried away in a stream of 
water. When the slag-pool level drops 
another brick is taken out to maintain 
a good flow. Two men can tap the 
furnace with less concern than wheel- 
ing out a barrow load of ashes. 

Now we come to what for us was the 
most important factor in operating a 
slag-tap furnace, namely, correct tem- 
perature. In our early experiments we 


recognized this requirement. By using 
a portable optical-pyrometer-type tem- 
perature indicator we tried to find a 
relation between percent CO. and fur- 
nace temperature, also between steam- 
flow and air-flow and temperature that 
was accurate enough for our conditions. 
After extensive study we came to the 
conclusion that neither CO. or steam- 
flow-air-flow relation could be depend- 
ed upon as an accurate furnace-temper- 
ature guide and decided to go to direct 
measurement with a_ radiation-type 
recording pyrometer. 


Recording Pyrometer 


This recording pyrometer, a Leeds 
& Northrup thermotube unit, has as its 
hot element a_ thin-walled refractory 
tube that extends through the furnace 
wall about 6 in. into the furnace. The 
end of the tube is closed and its out- 
side end is open with a lens and ther- 
mocouple assembled in front of it. Radi- 
ant heat rays from the closed hot end 
of the tube pass through the lens and 
are concentrated on the thermocouple, 
which generates a voltage to actuate 


the recorder. With this system the lens 
and thermocouple are outside the high- 
temperature zone; therefore operate 
comparatively cool and have a constant 
calibration. 

This instrument has taken all the 
guesswork out of operating the furnace. 
The operator knows that as long as he 
regulates the furnace to maintain a 
reading of 2300 F on the instrument, 
the slag pool will remain molten and 
the furnace walls will not be dam- 
aged. This also means that he keeps out 
of trouble and gets a pretty straight 
furnace-temperature curve. 

We have found that it requires a 
considerably higher temperature to 
liquefy the slag after it cools than it 
does to keep it liquid. The liquefying 
temperature seems to increase with 
each cycle of melting and solidifying. 
Therefore, it is important that furnace 
temperature be maintained at a point 
that will keep the slag liquid. We feel 
that all our operating problems have 
been licked and the operators prefer 
the present set-up to the dry-bottom 
furnace. 


Voltmeter Detects 37,000 Volts on Motor Belts 


P sTATIC ELECTRICITY in a powder plant 
can be a very dangerous hazard, so a 
well-known chemical company recently 
conducted tests with a General Elec- 
tric electrostatic voltmeter to find out 
the extent of the static electricity gen- 
erated on their conveyor belts, motor- 
drive belts, rubber-tired trucks, and 
from actual walking on floors. Checking 
the V-belts of a 25-hp motor, the 20,000- 
volt static voltmeter went off scale. Ob- 
servation of the discharge spark indi- 
cated approximately 37,000 volts on the 
V-belt. Another test indicated that 6000 
volts were generated simply by walking 
across the carpet of an office. 

These preliminary tests led to more 
extensive checks in all of the chemical 
company’s plants. As a result, belt 
dressings were investigated to find one 
of a conducting nature that would per- 
mit a continuous discharge of accumu- 
lated static electricity. All trucks were 
equipped with grounding chains, vari- 
ous types of flooring were investigated, 
and many other changes were made to 
minimize the hazards of explosion from 
static electricity. 


The electrostatic voltmeter used in_ 


detecting the static is a 20,000-volt 
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portable instrument designed for both 
alternating- and direct-current measure- 
ments of voltage on systems where one 
line is grounded. Operation is simply a 
matter of grounding the case, energiz- 


ing the light source, and making the 
high-voltage connection. The photo 
shows an electrostatic voltmeter being 
used to measure the voltage on a motor 
belt in a large manufacturing plant. 
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Back to Air Injection? 


Have mechanical handicaps pushed Dr Diesel’s ideal—the air-injection 


engine—into the background? Warren Noble thinks so, and from a 


long career as a consultant on out-of the-ordinary engineering prob- 


lems, presents here some unusual thoughts on air-injection design. 


You'll probably want to argue with his unconventional conclusions (we 


did) but you'll find they open new and interesting avenues for thought 


> THE COLUMNS OF PoweRr refer with 
regularity—properly speaking, with ir- 
regularity—to “diesel” engines. Actu- 
ally, there are relatively few true diesels 
in the USA, and I think none now in 
manufacture. Engines injecting fuel to 
the combustion chamber by jerk pump 
are compression-ignition engines having 
characteristics of their own definitely 
apart from the maintained-pressure 
principle evolved by Dr Diesel. 

He would be the last man to counte- 
nance the use of his name to designate 
a type he deprecated. Though, as a 
good engineer devoted to research, he 
made experiments with solid injection, 
he continued to the last to extol the 
virtues of his original air blast for fuel 
delivery. I shall speak of diesel engines 
and principles only when dealing with 
such engines and refer to those using 
solid injection as CI engines. 


Dr Diesel’s Aim 


Diesel definitely aimed at maintain- 
ing the compression-pressure peak over 
a period of working stroke consonant 
with load, but without increase in pres- 
sure. While the CI engine would like 
to—and does at times—approach the 
same desirable condition, it cannot 
avoid some rise in pressure at the be- 
ginning of fuel injection. The diesel 
engine depends on a supply of air, com- 
pressed beyond the pressure generated 
in the cylinder on the compression 
stroke, to atomize and deliver into the 
combustion space fuel metered to an 
open nozzle. 

In the CI engine, a hydraulic pump 
drives the metered fuel directly into 
the cylinder, atomization being accom- 
plished by expenditure of energy at the 
injection orifice. This latter point is 
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By WARREN NOBLE 
Consulting Engineer 


highly important, rarely recognized, 
and responsible for a great many of the 
CI engine’s vagaries. This is not to say 
that air injection is without its foibles 
too, but they are due far more to causes 
exterior to the cylinder, in fact almost 
entirely so. 

If we imagine two engines similar in 
all respects except as to this injection 
business, we can compare the practical 
setups best by contrasting the differ- 
ence in the auxiliaries devoted to injec- 
tion and starting. In the case of the 
diesel, we must have an air compressor 
capable of creating a reserve of air at 
substantially double the engine-com- 
pression pressure, the distributing valve 
gear necessarily located at each cylin- 
der, and the injection nozzles. The com- 
pressor need not be large. It will pro- 
vide power for starting, but must be 
alternately driven or paralleled by a 
separate compressor if the engine is 
largep, There must also be a metering 
devicé.*gperating at low pressure. 

The G§-engine must have a starting 
system. ff this is pneumatic, it requires 
a compressor as for the diesel, although 
high-pressure capacity is not needed; if 
electric, a high-torque motor, storage 
batteries and a charging generator are 
required. There must be nozzles at the 
cylinders, to which the metered fuel 
can be piped, and there must be a high- 
pressure metering hydraulic pump. 

In everyday practice this metering 
pump is looked upon as the heart of 
the engine—actually it can be rated 
only in company with its nozzles since 
final performance depends on the end 
result of pump and nozzle in combina- 
tion. Usually the complete assembly is 
purchased from a specialist manufac- 
turer who supplies—and so types for 


performance—injection systems for 
many engine builders. The manufacture 
of such a metering pump and nozzles 
is probably the highest expression of 
associated precision parts extant. Few 
organizations can aggregate the neces- 
sary skill to make and maintain the 
necessary quality of mechanism, and 
the cost of these units constitutes an 
important element of engine cost. 

In the diesel proper, the metering 
function needs to be held to correspond- 
ing accuracy, although high-pressure 
delivery is not involved. Actually there 
is little advantage or comfort in this 
pressure change since metering of a 
viscous liquid such as fuel oil involves 
a quality of workmanship beyond 
normal, so far beyond in fact that the 
high- or low-pressure factor can be 
neglected. 


Air-Compressor Problems 


Construction of multi-stage air com- 
pressors capable of reliable operation 
over long periods of time, while deliver- 
ing air in the neighborhood of 1200 lb 
per sq in., is a task of no mean magni- 
tude. The history of the diesel engine 
in practice is a long record of air-com- 
pressor problems. Valve gear and 
nozzles in general present no difficulty, 
so that in the end we find the true 
diesel picture dimmed by compressor 
difficulties. 

Now, the quality of diesel or CI cylin- 
der performance depends directly on 
the quality of fuel atomization. Im- 
prove distribution of fuel through the 
air charge and the performance will 
improve correspondingly. The fuel as 
it leaves the nozzle hunts oxygen, the 
surrounding air is heated, and power 
generation begins. Each drop of fuel 
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burns on its own; acts like a burning 
bullet. But unfortunately, as it burns 
it surrounds itself with a jacket of 
burned gas, slows down on its oxygen 
hunt and even has difficulty satisfying 
its fire-feeding hunger. 


If We Had a Dual Fuel 


It would be plain sailing if a drop- 
let of fuel could be made to act like 
a rocket, once fired self-propulsive. 
Or, if we could only use a dual fuel in 
which a coat of slowly combustible oil 
contained a nucleus of highly evapora- 
tive inflammable. The initial combus- 
tion would cause the nucleus to burst 
through the coating, scattering it in all 
directions. In other words, if we could 
arrange for the particle or droplet of 
fuel to carry some dispersive energy 
along with it, combustion would change 
markedly for the better. As things are 
now, the work done by the jerk pump 
expends itself first in atomizing the oil 
indifferently well, leaving but little sur- 
plus energy to secure penetration into 
the dense air of the combustion 
chamber. 

It is this part of the picture that 
turns me back to Diesel’s method where 
the metered mass of oil is atomized and 
carried along by high-velocity air. The 
final droplet is definitely finer, which 
means more surface available to the 
hungry air, although on account of the 
expansion of the carrier air it is robbed 
of some heat. However, this air has to 
come through the nozzle, and so picks 
up some heat to help regenerative 
action. The expanding air, moreover, 
has potential energy with which to 
carry oil droplets along, rolling them 
tornado-wise like a barrel in the rapids. 
Furthermore, a high degree of com- 
bustion-space air turbulence is set up, 
in addition to the turbulence inherent 
in the space form and aimed at by the 
engine designer. Even the cooling 
effect of the injection air has beneficial 
function in fighting detonation—the 
bugbear of ClI-engine as of gasoline- 
engine design. 


A New Compressor Design 


I am_ perfectly convinced better 
atomization and better all around per- 
formance lie ready to command in the 
air-injection engine. This is in the face 
of the facts, which begin and end with 
a wide collection of satisfactory en- 
gines of which none employs an air 
blast for injection purposes. 

To my way of thinking, the com- 
pressor is to blame for the trend away 
from the air-injection engine. It repre- 
sents another complication for designer 
and operator alike. But let’s see 
whether we might not be able to get 


POWER, December, 1940 


along without said compressor in its 
conventional form. If we start to design 
an independent compressor for 1200-lb 
air, we certainly need three, and prob- 
ably four, stages. However, the condi- 
tion is different when we design a com- 
pressor for a diesel engine, because we 
already have available within each 
cylinder a perfectly good compressor, 
working up to the equivalent of the 
third stage of any compressor we might 
build. 

Suppose then—remember I’m simply 
thinking out loud—we bleed off from 


any present-day common-rail system. 

Down will go the rocker, super-com- 
pressing the bled air to whatever we 
need in the way of blast pressure; at 
the right moment, let trapped high- 
pressure air and measured fuel through 
to the combustion space. We should 
have everything the diesel system gave 
us, less the unit compressor and with 
no more valve gear than we normally 
have today. Certainly we shall have 
provided some extra turbulence, ar- 
ranged for better atomization than a 
direct jerk-pump-fed nozzle can give 


Warren Noble, pioneer in many an engineering explora- 
tion, including design of early engines for automotive 
and aircraft use, rarely follows the beaten path. His 
views are always original and stimulating, often highly 
controversial, as here. We present his statements, not 
because we fully agree, but because what he has to say 
is a challenge to discussion and debate. 


our combustion space, just prior to in- 
jection, or after, for that matter, 
a small quantity of air sufficient for 
the nozzle blast. Let’s run it through 
an intercooler (the conducting pipe 
will probably be plenty good enough 
to drop temperature) leaving pres- 
sure at about 400 lb. Let’s make a 
combination nozzle and measuring 
pump, fed from a common rail, and a 
step-up air cylinder drawing its charge 
from the 400-lb cooled air bled from 
the main cylinders themselves. Let’s 
operate the combination pump, nozzle 
and compressor from the camshaft, with 
a lift and rocker arm, just as we now 
do the valves or the injection lift on 


us, and saved a lot of compressor 
mechanism. We shall need a bigger 
main cylinder—infinitesimally so di- 
mensionally speaking—with a slightly 
higher prime compression ratio. But 
don’t forget some of the energy of the 
injection air is recovered on the work- 
ing stroke; it’s not all loss by any 
means. 

The more I think of it the better I 
like it. I believe the scheme would re- 
lieve the CI sluggishness as compared 
with the true diesel, get rid of nozzle 
troubles and be adaptable for use in 
small engine sizes (in which the volume 
of business lies), never within reach of 
true diesel methods. 
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Engineering V-Belts to Suit the Drive 


F L Ives, engineer, Allis-Chalmers Mfg Co, lists simple rules 
for selecting multiple V-belts and shows how to apply them to 


get the size drive that will give long satisfactory service 


Fig. 1—A 200-hp, 575-rpm induction motor drives line shaft at 100 rpm through a 12- 


strand multiple V-belt in a grinding shop 


> Most APPLICATIONS of power require 
some form of speed reducer, such as a 
multiple-V-belt, between motor and 
driven machine. These belts, like all 
mechanical-power-transmission equip- 
ment, must be properly engineered to 
suit the drive, if the most economical 
installation and satisfactory service is 
to be obtained. Correct selection of 
these belts, for the average installation, 
is comparatively easy if a few simple 
but important rules are followed. 

V-belts are made in several construc- 
tions, but the design, Fig. 2, is typical. 
The belt consists of a top or tension 
section made of layers of bias-cut cot- 
ton fabric laid transversely and well 
impregnated with rubber compound. 
This layer is given the necessary stiff- 
ness to prevent the belt from buckling, 
but at the same time it has sufficient 
elasticity to bend under tension around 
the sheave. 


Center Section 


The center or power-transmitting sec- 
tion is made of a number of layers of 
long-fiber cotton cord. The number of 
cords per layer and the number of lay- 
ers depend on the size of the belt. 
Below this layer of cords is a com- 
pression layer, compounded in such a 
manner that when the belt is bent over 
a sheave, the neutral axis will develop 
at the most advantageous point. This 
layer is composed of different construc- 
tions in different belts. Several belts use 
compounded rubber. Some use rubber 
and a filler of loose, high-crimp cotton 
weave. Others use rubber and cotton 
cords. 

As a rule, the belt carcass is covered 


TABLE I—NORMAL HORSEPOWER RATING OF SINGLE V-BELTS 


Belt Speed, itch Diamete 
3.4 & 


ft per min. 


* And larger. 
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with one or two layers of bias-cut 
fabric. This fabric takes the wear and 
helps to hold the belt together, but 
one manufacturer leaves this cover off. 

V-belts are made in five sizes of trap- 
ezoidal cross sections, Fig. 3, desig- 
nated A, B, C, D and E. Sheave grooves 
are made practically the same size as 
the belts, but are cut approximately 
in. deeper than the belts to prevent 
them from touching the bottom of the 
grooves. Standard stock drives are 
listed in speed ratios of from 1 to 1 
to 7 to 1, but can be designed for speed 
ratios up to 10 to 1. They can be run 
in either direction with the slack 
strand on either top or bottom. 

These belts are built up with rubber 
compound, and therefore cannot be 
operated for long in a temperature in 


180-deg contact with each sheave, as 
would be obtained when both sheaves 
are the same sizes. For most drives one 
sheave is smaller than the other so 


that a correction factor must be made 
for the arc of contact on the smaller 
sheave. This arc of contact can be 
easily determined by a simple formula 


TABLE I1—CONTACT-ARC 


CORRECTION FACTORS 


(Where contact arcs are less than 180 deg, V-belt ratings 
are reduced as shown below ) 


Are of Correc- Arc of 
Contact, tion Contact, 
Deg Factor Deg 
180 1.00 135 
170 0.98 130 
160 0.95 125 
150 0.92 120 
145 0.91 
140 0.89 110 


Correc- Are of Correc- 
tion Contact, tion 
Factor Deg Factor 
0.87 105 0.76 
0.86 100 0.74 
0.85 95 0.72 
0.83 90 0.69 
0.81 85 0.66 
0.79 80 0.64 


TABLE II1—FACTORS THAT INCRE 


ASE HORSEPOWER OF V-BELTS 


excess of 180 F, or in contact with oil 
or oil spray. Belts made of a synthetic Electric Motors Engines 
rubber compound are available for op- 
eration in the presence of oil. Multiple ~ 
V-belts can run on sheaves set at right Squirrel Syn- Single a5 
angles to each other, but parallel shafts Fa chro- . ee Be 
nous OG 
give best results. Means must be pro- 
vided to take up the slack in the belts APPLICATIONS & Z 
due to stretch and to prevent their 2 = 
horsepower ratings of their belts for ian ree 
speeds up to 5000 ft per min. and run- Propeller.......... 1.2] 1.0) 1.4] 1.21. oe 
ning over different sizes of sheaves. and Clay Ma- 
1.6 2.02.0 2.0 2.01. 1.6] 1.5] 1.5 
ample, a C-section belt at 3000 ft per Flour-Feed Cereal Mill 
7.6 hp on a 9-in. sheave and 9.8 hp GeneratorsandExciters} 1-2)... 2.0) 1.4) 1.4 
on a 12-in, sheave. Under each type of [Line Shafts.......... 1.4) 1.4]....} 1.4] 1.4} 2.0) 1.4] 1.4] 1.4] 1.4] 1.6] 1.6] 1.6 
sheave also applies for larger sizes. Machinery...| 1.2) lal ial ial 156 
For example, under A-section belts the paper Machinery... . 1.5] 1.4] 1.8] 1.5] 1.6] 1.8|....|....| 1.5)....|....| 1.8 
largest sheave given is 5 in. in diam- Machinery... 1.2 
The ratings in Table I are based on Textile Machinery... .| 1.6)....| 
the assumption that the belts make a 
TABLE | (Cont’d.)— NORMAL HORSEPOWER RATING OF SINGLE V-BELTS 
D-Section Belts E-Section Belts a 
Belt Speed, Pitch Diameter, in. - Pitch Diameter, in. —---— 
ft per min 12 13 14 1S 16 Ee 20 Zi 22 23 24 25 26 yi 28* 
10:1 1.6 421 15.1 1660 16:3 19:6 20:8 21.9 22:7 23.0 23.9 24.7 26.3 
3323) 14-9 16-3: 1755 1856 20:9 22.7 26.5: 27.6: 28.6. 29.6 30.5 
12.4 14.6 16.5 18.1 19:5 20:7 23.0 24:9 26.6 28.1 30-8 32.0 33.1 34.2 
15.5 17.6 19:4 21.0 22.5 24:5 26:6 28:5 30:3 31.9 33.4 34.7 36.0 37.2 
* And larger. 
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Fig. 2—Cross-section through a V-belt to 
show its construction 


given later and then the correction fac- 
- tor in Table II is applied. 

The kind of load, type of power unit 
and method of starting must be con- 
sidered when applying V-belts. This is 
done by using service factors as given 
in Table III. To obtain the horse- 
power capacity for which a belt or a 
given drive must be selected, multiply 
the horsepower of the drive unit by 
the service factor corresponding to the 
condition under which it operates. For 
example, assume a 10-hp, normal- 
torque, line-start, squirrel-cage motor 
driving a fan. The service factor cor- 
responding to these conditions in Table 
III is 1.6. Then, the V-belt will have 
to be selected for 10 X 1.6 = 16 hp 
motor. 


How V-Belt Drives Are Selected 


As an indication of how V-belt drives 
are selected, assume an air compressor 
requires 35 hp to drive it at full speed 
(300 rpm) and that a 40-hp 1160-rpm 
motor is selected. The size of the motor 
sheave is one of the first things to de- 
termine. Where possible, select a sheave 
with a pitch diameter that will give a 
belt speed of around 4000 ft per min, 
as this is an economical speed. Pitch 
diameter D of the motor sheave equals 
12 times belt speed in feet per minute 
divided by 3.14 times motor speed. Then 
D = (12 x 4000) + (3.14 x 1160) 
= 13 in. With this size sheave we can 
use a D-section belt which at 4000 ft 
per min will transmit 15.5 hp, as indi- 
cated in Table I. 

The air compressor is to operate at 
300 rpm. Then the size of the com- 
pressor sheave equals motor speed 
times motor-sheave diameter divided by 
compressor speed or (1160 xX 13) + 
300 = 50.3 in. in diameter. A center 
distance between sheaves slightly larger 
than the diameter of the largest sheave 
and less than the sum of the diam- 
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eters of the two sheaves will be found 
satisfactory for most drives, where 
other factors do not establish the limits. 
Longer or shorter centers are prac- 
tical and are recommended where con- 
ditions require their use. 

On high-speed drives, comparatively 
short centers are recommended. In our 
problem the sum of the two sheave 
diameters is 13 + 50 = 63 in. There- 


fore, we may assume a center distance | 


of 60 in. This is the distance that 
should be between the two shaft cen- 
ters when the motor is set nearest the 
compressor and the belts will slip on 
over the sheaves. 

To select the number of belts in the 
drive, allowance must be made for the 
arc of contact that the belts make 
around the small sheave and the kind 
of load being driven, as previously men- 
tioned. The are of contact may be 
found by the formula: 


of the belt, which can be determined by 

the formula: 

(D — d)? 
4C 


where the symbols represent the same 
dimensions as previously given. Then 


20 +[ 187 (D +d) | + 


L=(2 X 60) + [sz xX (60 + 19) 


(50 — 
4X 60 


say 225 in. The drive would then be 
written 4—D225—130—503, centerline 
60 in. This drive will be economical 
and capable of applying the full motor 
load to the pulsating compressor load. 

When ordering the drive it is best to 
select the nearest stock-length belt. In 
this problem we have the choice of a 
belt 213.1 in. or 240 in. pitch length. 
If the stock lengths are not known and 
the motor can be set a little closer or 


+ = 224.7 in. 


Fig. 3 — Outline 
cross sections of 
the five standard 


sizes of V-belts 


60 (D-d) 

Cc 
where D equals diameter of large 
sheave, d diameter of small sheave and 
C center distance between sheaves. 
Then in this problem 


Arc of contact = 180 — 


of contact = 180 — se) 
= 148 deg. 

From Table II we see that on an arc 
of contact of 140 deg, the belt can 
transmit only 0.89 of its rated power, 
or 15.5 X 0.89 = 13.8 hp. 

The characteristics of the power unit 
and of the driven load must also be 
considered. This is done by a service 
factor obtained from Table III. Assume 
that the motor is a normal torque, line- 
start, squirrel-cage type. With this type 
of motor driving a compressor the serv- 
ice factor is 1.4 and the belt will be 
selected for 40 X 1.4 = 56 hp. Each 
belt will transmit 13.8 hp, therefore we 
need 56 + 13.8 = 4 D-section belts. 

We now need to know the length 


farther away from the drive, let the 
belt manufacturer know the amount of 
leeway you have and order a stock belt 
of a length nearest to the calculated 
one. Then when future belts are or- 
dered they can be obtained directly from 
stock, which will insure quick delivery. 


Weight Slip 


AN ANONYMOUS READER signing himself 
as “A well wisher” points out a slip in 
the last “Headwork Section”, page 117, 
November Power. Most certainly the 
weight of a cubic inch of water is .036 
lb, not 0.36, as indicated. What makes 
my face red is that I multiplied 0.36 x 
382,000 cu in. in the tank and got a 
total weight of water of 137,000 lb. Any 
dumbbell ought to know that a cylindri- 
cal tank 72 in. in diameter and 94 in. 
high won’t hold 137,000 lb of water. I 
am asking all readers of the “Operating 
Engineer” to turn to page 117, Novem- 
ber Power, and correct this to read: 
328,000 x 0.036 = 13,700 lb—PWS. 
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BRAZED LAP SEAMS ARE STRONG 


If Made Right 


ASME Code for Unfired Pressure Vessels allows 9900-lb- 
per-sq-in. working stress in shell plate for properly 


brazed longitudinal lap joints. Harry M Spring shows 


how joint is made, how to figure a joint for a given pres- 


sure, how to calculate safe pressure 


RAZING is frequently used to form 

the seams of compressed-air tanks 

and other pressure vessels for operating 

temperatures under 406 F. Temperature 

is a factor because the physical proper- 

ties of brazing metal fall off appre- 
ciably at higher temperatures. 

Among other limitations on brazing 
is the requirement that when the seam is 
lapped (customary, although butt and 
double-strap brazed seams may be used 
in plates up to 1 in. thick) the thickness 
of the plate shall not exceed 3 in. This 
is according to the ASME Code for Un- 
fired Pressure Vessels, which gives de- 
tailed specifications for brazed seams. 

Preparing a plate for brazing re- 
quires that the metal be clean and free 
from paint, oil, scale or rust. The shell 
is then rolled to cylindrical form, with 
edges overlapping at least eight times 
the plate thickness (Fig. 1). The lap 
is then held tightly in position by “tack 
rivets” (Fig. 2A), stitch welds (2B), or 
plug welds (2C). 

Tack rivets are small-diameter rivets, 
usually § in. or less, spaced at a rela- 
tively large pitch, say 2 to 4 in. To elim- 
inate hole drilling, and reduce cost, 
stitch welding is replacing other meth- 
ods of “tacking” the seam. 
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Brazing rod and flux are applied to 
one side of the seam. Heating is usually 
by an acetylene torch. The braze metal 
is applied until it shows uniformly on 
the opposite side of the joint, indicating 
that the metal has penetrated the entire 
lap. Free use of flux is important to 
insure easy flow of braze metal through 
the lap. This complete penetration is 
essential, because a partly brazed seam 
may act as a “hinge” to break the 
brazed metal. 

Any brazed pressure vessel in which 
the braze metal is not continuous on 
both inside and outside edges of the lap 
is dangerous, and should be taken out of 
service. 

That the recognized rule-making body 
has confidence in the strength of a prop- 
erly brazed joint is indicated by the 
Code allowance of a maximum unit 
working stress of 9900 lb per sq in. This 
means that the permissible maximum 
tank pressure is that which gives a unit 
stress: of 9900 lb per sq in. in the metal 
outside the joint. 

The standard tank formula (for all 
kinds of joints) is: 

P=SXtX E ~ R, where 
P = maximum allowable working pressure 
t = minimum shell thickness in inches 


Lap not less 
than 


Fig. 1—ASME Code requires that the 
brazed longitudinal seam shall lap not 
less than eight times plate thickness 


R = internal radius of the shell in inches 
S = safe working stress in the plate 

E = efficiency of the joint 

In the case of brazed joints, S x E 
is considered a single term having a 
maximum allowable value of 9900 Ib 
per sq in., so the formula becomes 
P = 9900 x t + R. Thus, if an air 
tank is 4 in. thick, 20 in. in diameter, 
and has a properly brazed longitudinal 
lap seam, the construction warrants a 
maximum pressure of P= 9900 x 
0.125 + 10 = 124 lb per sq in. 

For existing tanks it is often conven- 
ient to transpose the formula to de- 
termine whether operating conditions 
are subjecting the seam to excessive 
stress. The formula then becomes actual 
working stress in plate =P x R +t. 
Given a 24-in. diameter air tank having 
a properly brazed shell of ¥ in. thick- 
ness. This tank operates with the safety 
valve set at 140 lb per sq in. Then 
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Brazed seam -.. 


Brazed seam, 


Brazed seam 


tr¢tch weld 


Plug welds 
through holes 
in outer lap 


T 


(Required minimum 
over/ap is 8 x plate thickness) 


Butt-welded seam 


~~ Zone of penetration 
of surface of inner lap 


Fig. 2—Before brazing, seam is tightly bound together by tack 
rivets (A), stitch welds (B) or plug welds (C) 


actual working stress in plate = 140 
x 12 + *% = 8960 lb per sq in. As 
this stress is below the permissible 


maximum of 9900 lb, the operating ~ 


conditions, as based on the shell con- 
struction, are okay if the joint is 
soundly and completely brazed. 

It is interesting to compare the 
strength of a brazed seam with a 
welded seam. Braze metal is in shear, 
and should have (as required by the 
Code) a minimum shearing strength of 
10,000 lb per sq in. A butt weld is in 
tension; the usual minimum tensile 
strength of weld metal is 55,000 Ib per 
sq in. Referring to Fig. 3A, we see that 


a l-in. wide unit section of the brazed 
seam subjects an area of 1 in. X 2 in., 
or 2 sq in., to shearing stress, and that 
the ultimate strength of this should be 
2 x 10,000 = 20,000 lb. 

The butt weld in Fig. 3B is in a 
plate of the same thickness, but is in 
tension. The effective area of the weld 
in a l-in. wide strip is 1 X 44 = 0.25 
sq in., and the calculated ultimate 
strength is 55,000 x 0.25 = 13,750 Ib. 

From this it can be seen that a 
properly brazed lap seam in thin plates 
(with lap at least eight times plate 
thickness) may be even stronger than 
a butt-welded seam, contrary to the 


Fig. 3—Area of the braze metal in shear is eight times 
area of weld metal in tension 


usual impression. We should appreci- 
ate, too, that the stress of 9900 lb per 
sq in. allowed by the Code for brazed 
seams is actually equivalent to 90% 
joint efficiency, the same allowed for 
the highest class of welded seam, sub- 
jected to stress relieving and radio- 
graphic examination. 

This conclusion is arrived at from 
the fact that the usual minimum ten- 
sile strength of the shell plate is 55,000 
lb per sq in. Dividing this by the cus- 
tomary factor of safety, 5, we get 11,000 
lb per sq in., which, multiplied by an 
“efficiency” of 90% results in 9900 Ib 
per sq in. allowable stress. 


Lamps Signal When to Blow Down Boilers 


IN OUR PLANT we have 18 stoker-fired 
boilers arranged three to a battery with 
two batteries facing each of three firing 
aisles. Each two batteries facing a 
firing aisle are operated as a unit 
which has its own operating crew. 
Blowoff connections from all boilers 
connect into a common header that dis- 
charges into the condenser circulating- 
water outlet canal. To avoid the objec- 
tionable effects of blowing down more 
than one boiler at a time we installed 
the signal system shown in the figure. 

The signals consist of metal boxes, 
each containing a lamp behind a trans- 
lucent front. These boxes are numbered 
according to the aisles and arranged in 
groups of three, one lamp for each 
aisle. A group of these lamps is placed 
in each aisle where the lamps can be 
seen easily. A switch in each aisle is 
connected to light the lamp in each 
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group corresponding to the aisle num- 
ber. For example, when the switch in 
No. 1 aisle is closed No. 1 lamp in each 
group is lighted. : 
Before blowing down a boiler, the 
operator glances at the indicator. If it 
shows clear he closes the switch in his 
aisle, say No. 2, and a lamp in each 
group lights to show the other oper- 


ators that a boiler on No. 2 aisle is 
being blown down. After blowing 
down, the switch is opened to signal 
all clear. If, when a boiler on No. 3 
aisle is to be blown down and a signal 
shows that one on another aisle is being 
worked on, No. 3 holds up until the 
signals show clear. 


Gorgas, Ala. S H CoLemMan 


Indicator Light Assemblies 


No.1 Aisle 


No.2 Aisle 


No.3 Aisle. 
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RESULTS AT FACTORY 4 
Near “Tops” for Small Plant 


OWER for March 1939 told, with 

pictures, working drawings, and test 
results, the story of a small plant. In 
equipment and layout it was in no way 
out of the ordinary. It was simple and 
inexpensive, without gadgets. But its 
engineers knew that a simple small 
plant can be really efficient if care and 
thought go into all the details of build- 
ing and operation. They put “big- . 
plant” engineering pains into their : 
small plant and the careful tests they — Record Geo E Keitk Co oe 


ran after operation started showed that Av Throttle Pres 163 lbs 44 Middleboro, Mos 

Exciter Back Pres. 


Plain garden-variety power house of George E Keith 
Co, Middleboro, Mass., lives up to expectations—27 Ib 
of water per kwhr for a 13.5x22-in. 4-valve engine 
and 75% efficiency for handfired 72x18 hrt boilers 


their trouble paid. Now, more than a 


year later, H A F Campbell, Plant Engi- 4hlbs CoalFuel Aug. 20, 1940 

neer, writes to tell Power editors and Coal Water @ l0/lbs Evap Water Coal 
Date otal, Per hour Total |Machi To Cy! per | per| per| per 

readers how the picture looks today. We To. _| per hr Total] | KWH KWH 

say it looks good and think you'll agree. " 


1940 Ib 
2800” | 760”| 180"°| 380!” | 5900!" | 1900" 4000"! 135 | 5 | 140 | 204 |196" | | 


" 13 | 2400 | 480! 150 | 330 | 5000 |1600} 3400 | 140 | 5 | 145 | 210 25.5 11.6 | 225 
" 14 | 2600 |520| 150 | 370 | 5500 |1600| 3900 | 135 | 5 | 140 | 204 |19 28 11.8 |264 
" 15 | 2600 | 520/150] 370 | 5500 |1600} 3900 | 135 | 5 | 140 | 204 |19 28 =| 18 | 2.64 


With slight condensation, Mr Camp- 
bell’s letter follows: 

The enclosed table gives the power- 
house morning operations for August 
12, 13, 14, and 15, 1940, at our Factory 


Ib 
360! | 5500 3800" ig.2°|27 |177| 256 


Averages | 2600 


No. 4, Middleboro, Mass. Would not 
your readers be interested to note how 
this small plant, after two years, is 
operating today? I hope you may find 
-space enough to publish this data sheet, 
as is, together with a few comments. 


Results Talk 


All will agree that with any given 
types of prime-mover or boiler and set 
of steam conditions, it is wishful think- 
ing (or figuring) to expect to get more 
than certain economies. The enclosed 
results, under actual daily operating 
conditions, show a 200-hp engine and a 
72-in. hrt boiler operating right up 
around the best economies that the laws 
of steam engineering will allow. This 
might be considered news because: 


1. This is just a plain and inexpen- 
sive plant. 


2. The figures given are correct. 
3. The results are very good indeed. 


No turbine-generator of the same 
size comes within 25% of these results. 
A uniflow engine might just about equal 
them, under daily operating conditions. 
(This is a counterflow 4-valve engine— 
see Power, March 1939 for details— 
Ed). Results of boiler operation show 
up well for handfiring, I believe. 

The point is just this: with our setup 
and conditions, we should get these 
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Engine + Yew Imech Eff = 91% 
Ovvall Gover Factor = 90% 
Boiler 72"- tubes HRT 
Flic Gad Temp 400 F 
CO> 12% 
Feed Water Temp 218 F 
10%p Ib 

at 2/2° 
oiler 75 % 
+ Wok Gel 14600 BTU 


The abeve are with Cral 
wth It Bach fate. 


Wit Oil Feed aud ttm Sxkauet 


6.4. Walter pew W= 17 Ib 


efficiencies and we do. I believe that 
you will have to refer to text books or 
handbooks, which quote the best on 
record, to find daily operating results 
much better than these. 

We have had no troubles of any kind 
(chalk up a score for simple, rugged 
design—Ed). The plant operates day 
after day, turning out kwhrs and process 
steam, and keeps right down to these 
figures all the time. As always we keep 
our records and figure results with care. 
Nevertheless, I am now quite frank to 
admit that in the MIT tests of 1937-38 
we missed one or two points, and to our 
disadvantage. 

Care and trouble usually show the 
George E Keith Co dollar savings but 
what is beyond any dollar valuation is 
the personal satisfaction of a job pretty 
well done—H A F Plant 
Engineer, George E Keith Co. 


Turbine-Oil Pressure 


IF TURBINE-OIL PRESSURE is carried too 
high, the bearings are likely to be over- 
supplied and the oil may be sprayed 
from the ends in thin sheets against the 
housings and thus be atomized. If the 
bearing seals are worn or ineffective, 
considerable oil will be lost. Water-seal 
glands are not effective at slow speed; 
and, if oil pressure is not controlled 
carefully when stopping and starting, 
oil is likely to leak past the seals into 
the gland drains. Adequate return pipes 
prevent the bearings from becoming 
vaporbound, and atomized oil will drain 
readily to the reservoir. Oil leakage and 
atomization create an unsightly appear- 
ance and cause slippery floors, added 
fire hazard, and increased oil consump- 
tion.—Bulletin of Virginia Polytechnic 
Institute, Vol 33, No. 14, August, 1940. 
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V-Sheave Changed 


IN A MANUFACTURING PLANT an ammonia 
compressor was driven by an electric 
motor through a short-center multiple- 
V-belt. This drive had operated for 
several years at the time a diesel-engine 
was installed. The length of the drive 
between engine and compressor was 
too long for a V-belt, so a change was 
made to a flat leather belt. To save 
a large part of the cost of a flat-rim 
flywheel for the compressor it was de- 


cided to fill the grooves in the large V- 
belt sheave so that the flat belt could 
run on it. 

We did this by making leather V- 
strips that just filled the grooves and 
of a length equal to the circumference 
of the flywheel. We covered the sur- 
face of the grooves with a waterproof 
cement, see Fig. 1, and then the V-sec- 
tions were forced tightly into place by 
clamps, Fig. 2. When this work was 


to Flat Pulley 


completed the ends of the sections were 
fastened together by a tapered cemented 
lapped joint to make sure that they 
would not work loose and come out of 
the grooves. We covered the surface 
of the flywheel with a coat of pulley- 
surfacing compound; the finished job 
is shown in Fig. 3 which looks very 
much like a cast flywheel. 


New York, N. Y. LH Skoucor 
Engineer, Am Leather Belting Assn 


Keep Condensate 
out of Crankcase 


WE HAD TROUBLE with condensate from 
the valve stem of a vertical engine get- 
ting into the crankcase lubricating oil. 
This water ran down the valve stem 
onto the guide collar on the crankcase 
and into the lubricating oil. To pre- 
vent this I made a tight-fitting guard 
to go onto the valve stem as in the fig- 
ure. Water running down the stem is 
diverted away from its lower end and 
prevented from reaching the crankcase 
through the valve-stem guide. 


New York, N.Y. SM Etonxa 
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Vibrating Cleaner 
Deslags Boiler Tubes 


SLAG FORMATION on the external sur- 
faces of water tubes is frequently a real 
problem with high-capacity boilers, es- 
pecially when burning some kinds of 
pulverized coal. How long a boiler may 
remain on the line is often determined 
by the amount of slag that builds up on 
the tubes exposed to radiant heat. When 
this becomes so great that draft is im- 
peded, a shut down for cleaning is often 
necessary. This slag, somewhat plastic 
and sticky at operating temperatures, 
becomes dry and more or less brittle 
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when cooled and may be quite difficult 
to remove from the tubes. 

_ There are not too many practical 
methods of removing this slag. Quite 
often the slagged tubes are 30 or 40 ft 
above the furnace floor, and while a 
ladder may reach, it may be quite dan- 
gerous for a workman to attempt to 
knock off the slag at this height. Then, 
too, it is possible to construct staging. 
But for the single job of slag removal, 
staging may prove too costly and there 
may not be available time to permit its 
construction. 

One method used in a plant having 
several watertube boilers was to provide 
the workmen with long poles. The men 
would stand on the furnace floor and jar 
the tubes with the end of these poles, 
a very dangerous practice. In our plant 
we tried a vibrator-type tube cleaner, 
such as used for descaling the water- 
side of fire-tube boilers, with a high 
degree of success. It is a comparatively 


simple matter to remove the tube caps 
from the ends of the tubes exposed to 
radiant heat, and run the cleaner 
through them. This method is both safe 
and effective. 


Cleveland, Ohio A G Wiceins 


A Lock-on 
Pulley Puller 


SEVERAL TYPES OF PULLEY and gear 
pullers are in use, but I have found the 
design shown in the figure to have many 
advantages. It was made in our shop, 
is adjustable as to size of pulley or 
gear, and can be fastened tightly in 
place before starting the pulling opera- 
tion. Holes in the pull bars P and 
crosshead C permit a wide range of 
adjustment. After the pull bars are 
in place on the pulley or gear hub they 
are locked there by the nuts on the 


Faulty Valve Causes Low Water Temperature 


A FAULTY OPERATING VALVE may cause 
a lot of trouble. This proved to be 
true of two water heaters connected as 
in the figure. No. 1 heater operated 
all right except during peak demands 
when its water temperature dropped to 
150 and sometimes to 130 F. The tem- 
perature of No. 2 heater remained con- 
stant around 180 F at all times, where 
it should be. 

After trying several things to correct 
the trouble, including opening up No. 


Steam 
2t06lb 


1 heater, we found the cause. While 
we had No. 1 heater open it was dis- 
covered that when water was drawn 
from No. 2 the pressure drop across 
it was about 30 lb. This indicated 
a restriction in the water circuit of the 
heater. That night we shut down both 
heaters and found that the outlet gate 
valve of No. 2 heater was only partly 
opened, the stem having become de- 
tached from the gate. 


Marissa, Ill. Grorce BLuM 
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-Condensate to hotwell 


threader rod R. The jack screw in 
crosshead C is tightened against the 
shaft end t6 remove the pulley. Con- 
struction of this puller is simple and 
requires very little machine work. 


Penacock, N. H. CH WIittey 


High-Powered 
Screw-Driver 


Many times I wished for more power 
on a screw-driver to start a stubborn 
screw, before I fell upon the idea shown 
in the figure. On the shank of a regu- 
lar heavy screw-driver is welded a stub 
screw end of another driver. This ar- 
rangement gives the regular straight 
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screw drive for fast, easy-going screws. 
For the tough one, use the short section 
with the regular driver acting as a 
lever for more power, as at A. If the 
regular screw-driver has to be used on 
a stubborn screw, then it can be turned 
with a wrench applied at the tee. 


Penacock, N. H. CH WIttey 


This Grease Dispenser 


Works Well 


THOSE RESPONSIBLE for maintaining 


heavy machinery know the disagreeable 
and wasteful process of handling bulk 
grease and refilling hand-type grease 
guns. One mechanic of a large com- 
pany, with the aid of a welder, built 
the grease dispenser shown in the 
photo from old scrap and discarded 
material. 

He cut the bottom out of an empty 
30-gal oil drum and welded a sheet 
metal cone in its place. An old hand 
gear pump was then connected to a 
pipe nipple welded to the bottom end 
of the cone. A goose-neck of 14-in. pipe 
put the pump discharge in a convenient 
place. Discarded lengths of pipe mak- 
ing up the legs and bracing were 
welded to the drum assembly. 

An entire pail or drum of grease 
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can be emptied into the dispenser at 
one time. By simply turning the small 
crank, any desired quantity can be 
pumped out without waste. A particu- 
lar advantage lies in being able to refill 
grease guns by inserting the goose-neck 
to the bottom of the gun chamber and 
gradually lowering the gun as the 
grease is pumped in. This eliminates 
troublesome air-pockets usually trapped 
in when filling with a paddle or ladle. 


Alhambra, Calif. G. M. Witson 


Watch Low-Pressure 
Steam Equipment 


Low-PRESSURE WATER HEATERS are a 
potential explosion hazard unless prop- 
erly operated, as the following expe- 
riences show. An open-type feed-water 
heater, supplied with steam from the 
exhaust of a steam turbine, operated 
against a back pressure of 8 lb per 
sq in. A back-pressure relief valve of 
adequate size was set to blow at 10 lb 
per sq in., and gases from the heater 
were vented to atmosphere through a 
small line, throttled by a_ valve to 
prevent waste of steam. The heater 
was good for an operating pressure of 
at least 15 lb per sq in. After 15 years 
service the heater exploded and tore 
a large hole through a brick building 
wall. 

An investigation revealed that the 
failure was due to the shell sections 
separating at the flanged bolted connec- 
tions, Fig. 1, and not to over pressure. 
Leakage through these joints had re- 
duced the diameter of the bolts by 


High-pressure | __--- 
steam header 


T 
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corrosion so that they failed with 
normal pressure in the heater. 

In another plant a deaerating feed- 
water heater failed due to conditions 
produced by operating practice. This 
heater was supplied by exhaust steam 
from auxiliaries, with a live steam 
makeup line, Fig. 2. A compressed-air- 
loaded, automatic pressure-reducing 
valve in the 8-in. line near the ceiling 
of the boiler room was controlled from 
a panel board on the operating floor. 
An atmospheric relief valve of ample 
size, located on the 8-in. line close to 
the heater, was set at 8 lb per sq in. 
In addition to the relief valve, a small 
pop valve on the heater was set at 15 lb. 

Because the manually operated stop 
valve on the high-pressure line was in 
a remote location, the system was shut 
down by closing the reducing valve 
from the operating panel. When start- 
ing up the reducing valve was opened 
with the compressed-air controlled on 
the panel. This valve opened rather 
quickly and the sudden steam flow 
through the 100 ft of cold 8-in. pipe 
produced a large volume of condensate 
that rushed into the heater and caused 
it to fail because of a severe water 
hammer. 

Now when shutting down the system, 
the manually controlled stop valve is 
first closed. The automatic reducing 
valve is then unloaded, and all drains 
and trap bypass valves are opened. 
When starting, the automatic reducing 
valve is opened from the operating 
panel and a check made to be sure that 
it is wide open. The manually operated 
stop valve is then cracked open and 
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kept in this position to permit restricted 
flow of steam until the line warms up 
thoroughly. When drainage has been 
completed and steam starts blowing 
through the drips and trap bypass 
lines, the stop valve is opened slowly. 
Drips and bypass valves are then 
closed. 

These and other accidents that have 
occurred emphasize the need of care 
in the operation of water heaters and 
other low-pressure steam equipment. 


Chicago, Ill. R O 


Booster Pump Raises 
Head and Capacity 


THE SOLUTION OF A PUMPING PROBLEM 
in a large dairy may be of interest since 
necessity for increasing the water sup- 
ply may occur in other plants. This 
dairy had a deepwell turbine pump, 
rated 100 gpm against 250-ft total head. 
Water level in the well during pump- 
ing was approximately 100 ft below 
the floor. Balance of the pumping head 
consisted of friction through a con- 
denser and piping plus a vertical static 
discharge head of 90-ft to the roof 
tank, Fig. 2. 

Due to an increase in plant size and 
the necessity for improving refrigera- 
tion efficiency, water flow had to be in- 
creased to 140 gpm. This was done, 
without any change in the deepwell 
pump, by installing a booster pump as 
shown. During normal daytime opera- 
tion when the demand was low, they 
closed the bypass valves and let the 
turbine pump discharge directly to the 
roof tanks. When the refrigeration de- 
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mand was at a peak they put the 
booster pump into service. 

The curves, Fig. 1, show the capacity 
characteristic for the deepwell pump 
alone, booster pump alone, and the two 
pumps operated in series. The turbine 
pump delivers 100 gpm operated alone 
against the 250-ft head. When oper- 
ating through the bypass line in series 
with the booster pump, the turbine 
pump discharges against 150-ft head 
only and delivers 140 gpm to the 
booster pump which takes care of 
100-ft head from floor level to the roof 
tank. The booster pump was selected 
for a capacity of 140 gpm against 
100-ft head; therefore, the two pumps 
in series deliver the 140 gpm against 
the 250-ft head as required. 

This method was a comparatively in- 
expensive way of increasing the ca- 
pacity of the plant, and within limits 
can be applied to any other installation 
of an existing centrifugal-pump job. 


New York, N.Y. FRANK A. KRISTAL 


Cleans Glass Tubes 
with Acid Solution 


IN OUR PLANT we have quite a number 
of glass tubes that require thorough 
cleaning. To do the job we use a solution 
of either hydrofluoric or nitric acid in 
water in which the tubes are soaked for 
about 20 minutes. We have found that a 
5% solution of hydrofluoric acid does 
the best job, but care must be taken not 
to have the solution too strong or soak 
the tubes too long. After the tubes are 
removed from the acid solution we wash 
them thoroughly in running water and 
then blow out with compressed air taken 
through a filter to insure proper 
cleanliness. 


London, England W L WARNER 


More Light on 
the Gage Glass 


GAGE GLASSEs are generally illuminated 
with little attention given to making 
the light most effective. After a little 
experimenting I was surprised to find 
that the lamp should be placed below 
the water level, as in the diagram, so 
that the light rays are projected up- 
ward against the meniscus. The menis- 
cus then acts as a lens to direct the 
light down to the observer’s eye, as 
indicated. In fact, a bright band of 
light (see photo) visible for a long 
distance, appears to float on the surface 
of the water in the gage glass. Best re- 
sults are obtained with a reflector type 
bulb. This little trick is another example 
of how a simple change may make con- 
siderable improvement in the operation 
of a piece of equipment. 
Battle Creek, Mich. 
C A Van Deursen 
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Somebody Got 
His Figures Twisted 


I HAVE JUST LOOKED OVER Power for 
October, 1940. The article about the 
New Weatherford, Texas, diesel plant, 
page 130, arrested my attention and I 
am certain there is a typographical er- 
ror or else some one got his figures 
twisted, because “there’s something 
screwy about it.” 

The photograph shows three engines 
and the sizes as given are: 6 cyl, 14x 17 
in., and driving 300-kw alternators at 
1750 rpm. The picture shows the alter- 
nators direct coupled and that means 
that the engines run at the same speed. 
Let me say now I don’t believe it can 
happen here! 

I don’t believe the engines would hang 
together or stay in the house running 
at that speed. Furthermore, this would 
give a piston speed of 17 in. x 2 x 1750 
+ 12 in. or 4958.3 ft. per min. Again, 


ARGUMENT CORNER 


furthermore, if 1750 is correct and there 
are four poles in the field, then the fre- 
quency would be 58.3 cycles, which is 
not standard anywhere. 

Also, judging from the photo, I would 
say that the exciter drive looks to be 
about a 5-to-l step-up ratio in pulley 
diameters. If so, this means that the 
exciter would run at the unheard of 
speed of 8750 rpm. Maybe if I looked 
further, I could find some more argu- 
ments to support my contention that 
there is something screwy somewhere, 
but I believe I have said enough for the 
time being. 

Clarksdale, Ariz. FRANK Avis 

[TO EAGLE-EYED READER Frank Avis 
and to operators of the Weatherford, 
Texas, diesel plant, our regrets for giv- 
ing them nervous prostration by run- 
ning these engines at 1750 rpm. There 
was a typographical error; the 1750 
rpm refers to the V-belted exciters 
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rather than to the engine. Actually, 
these three diesels operate at 300 
rpm.—Ed] 


A Point in 
Soldering Cable Lugs 


On pace 116 of September Power I 
note an instructive and complete article 
covering the proper soldering of a cable 
lug to wire or cable. In addition to the 
instruction given, it is very important 
to use a lug not over 1/16 in. larger in 
inside diameter than the diameter of 
wire or cable. 

After a mechanic has become thor- 
oughly proficient in the work, it is an 
excellent idea to use only mechanical 
lugs, preferably compression type. 


San Francisco, Calif. M A pELEW 


Correction 


On pace 136, November Power, under 
the heading “Wind Power Plant for 
the Green Mountains”, it is stated that 
energy to be developed will be deliv- 
ered into the Green Mountain Power 
Corp system. This should be the Central 
Vermont Public Service Corp system. 
Augusta, Maine FRANK H Mason 
Chief Engineer, 
Nepsco Services, Inc 
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“Seram Junior, we'll work this out our way!” 
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READERS’ PROBLEMS 


Questions from 
Our Readers 


More Hp from 
Steam Engine 


Question | 


WE HAVE a Ball & Wood tandem-compound, 
4-valve engine direct-connected to a 200- 
rpm, 200-kva, 440-volt, 3-phase generator. 
The high-pressure piston is 1743 in. diam- 
eter, the low-pressure piston is 348% in., and 
the stroke is 18 in. The engine is about 35 
years old but in good condition. This unit 
has a center crank with outboard bearing. 
A wheel governor controls steam valves on 
both cylinders, through a single rod, and a 
single eccentric (adjustable by hand) 
operates exhaust valves on both cylinders. 
At 115 lb throttle and 8 lb backpressure 
the engine develops about 102 hp. How 
can we increase the output? 

The early cut-off in the low-pressure 
cylinder causes the expansion line to go 
below receiver pressure and the backpres- 


sure causes compression to be too high, so 
that this cylinder develops practically no 
useful hp. The construction of the engine 
is such that it is impossible to add a third 


eccentric and rocker arms to handle the . 


low-pressure steam valves. It has been sug- 
gested that we equip the engine with a 
throttling governor and set the present 
wheel governor at a predetermined cut-off 
point. Economy is no object, and the exist- 
ing regulator can take care of voltage—RMD 


How Reduce Flyash? 


Question 2 


Can Power READERS pass along some simple, 
practical method of reducing flyash when 
using spreader stokers under water-tube 
and hrt boilers? Our units are reasonably 
high set and have sufficient combustion 
volume. The boilers are equipped with 
combustion control and draft under and over 
the fire has been reduced to a minimum.—kB 


SUITABLE answers from readers will be 
paid for if space is available for publica- 
tion. Practical drawings or photographs 
will command additional pay. 


Worn Diesel Piston 


Answers to Oct Question 1 


The Question 


ON PULLING A PISTON of our 4-cycle, 250- 
rpm, 8-cyl, 1000-hp mechanical-injection 
diesel, we found that the piston was worn 
oval about 0.015 in. on the thrust side, and 
all the rings were worn in a similar man- 
ner. As a matter of fact, the rings were 
worn to about half their original depth at 
that point. The liner was in good condi- 
tion, showing no scores and only normal 
wear. We installed a new piston and ran 
for 3 hours. The wrist pin then got hot, 
causing the piston to score the liner. 
Pistons are lubricated from an outside 
lubricator, which was working OK when 
the scoring occurred. When running the 
engine now, we hear a noise from that 
cylinder, which, we assume, is a piston 
slap, as all the bearings have been checked. 
This is the second time we have changed a 
piston and the second time this has hap- 
pened. The engine is only 11 months old. 
The pistons were checked before installa- 
tion and found to be at the required dimen- 
sions. Is it good policy to have the old 
liners rebored and oversize pistons in- 
stalled? Can some Power reader suggest a 
cause and remedy for the trouble?—rrs 


Check the Wristpin 


From RRS’s pescripTion of the troubles 
encountered and the fact that they only 
occur in one cylinder, plus the fact that 
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the wristpin heated after being fitted, would 
put this latter member under suspicion, 
and definitely so if the wristpin is fitted 
into two straight bores of different diame- 
ters. While the pin must be fit snugly to 
prevent pounding during pressure reversals 
in the 4-cycle engine, the tendency is to 
go to extremes and drive the pin too tight. 

The result, in some cases, is forcing the 
pin out of round. This would account for 
the liner being eccentric while the piston 
and rings are oval. The reason the liner 
scored after the second pin was put in 
indicates more tightening of the pin than 
in fitting it to the previous piston. This 
can be overcome by boring the holes in 
the piston for a taper, making a new pin 
machined so the extremes will fit the 
tapered piston holes while the bearing 
section is machined for the bearings. This 
is standard construction in many engines 
and can be easily adapted to any trunk- 
piston type; the taper fit will lessen the 
chances of distorting roundness of the 
piston. 


Galt, Ontario H Parkinson 


A Problem of Alignment 


RRS seEMs TO BE UP AGAINST a problem 
of alignment. If the pistons of any multi- 
cylinder engine are in true alignment with 
their wristpins and cranks, and all cranks 
are centrally positioned between the webs, 
there should be no uneven strain on any 
particular piston to cause it to wear on 
the lateral or thrust side. It would seem 
that the piston is being required to absorb 
part of the load thrust. 


According to RRS, “all the bearings 
have been checked,” but it is obvious he 
means the crank and wristpin clearances 
are not great enough to cause the “noise 
from that cylinder, which, we assume, is 
a piston slap.” But has he checked the 
vertical alignment of piston, wristpin and 
crank as well as the alignment in relation 
to the other pistons? 

Perhaps the wristpin or crank brasses 
are not truly fitted, i.e., they may be down 
at one side, causing the piston to lay over 
hard when the bearings are assembled. Or, 
there may be a kink in either piston or 
connecting rods affecting the alignment 
in a like manner. This is reasonable if we 
examine the statements, “The liner was 
in good condition showing no scores and 
only normal wear,” when the piston was 
pulled the first time. And, again, when the 
new piston was installed and the engine 
run, “The wristpin then got hot, causing 
the piston to score the liner.” 

This last seems to be the key. The hot 
wristpin should not cause the piston to 
score unless it is out of alignment. It 
stands to reason that the piston pressing 
hard against the wearing side made the 
wristpin run hot. 

A practical way to check alignment is 
to disconnect the crankpin brasses and 
turn the crankpin to bottom center posi- 
tion. Then drop the piston and connecting- 
rod assembly to the bottom of the stroke 
and center-punch the middle of the con- 
necting-rod foot. Make certain at the same 
time that other crank bearings are cen- 
trally positioned between the webs. Now, 
using a pin gage, check the distance from 
the center-punch mark to a fixed point at 
either side, also center-punching these 
points. 

Move the piston and connecting rod to 
top center and the crankpin as well. If, 
from the fixed points, there is no variation 
in distance to the center-punch marks at 
top or bottom center, the wristpin is true. 
Then all that remains is to check the crank 
in the same way. 

If the connecting rod has to be forced 
into position when either crank or wristpin 
bearings are being assembled, it is not 
lined up properly. On short-connected en- 
gines, such as this diesel appears to be, 
a small difference in vertical alignment, 
say 32 in., at the crank may be enough 
to cause piston wear, or even a scored 
liner. 


New York, N. Y. Wm S Downs 


Expansion Gasket 
Missing? 


I SUGGEST A CHECK to see if all of the ex- 
pansion gaskets between cylinder units 
are OK and accounted for. If one of these 
gaskets is left out, normal expansion of 
the cylinder will be blocked and the bore 
of the cylinder will be distorted by the 
strain. As the piston is of softer metal 
than the liner, the piston will be worn oval. 
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The only cure is to insert an expansion 
gasket in its proper place to relieve strain 
on the cylinder. 


W Lafayette, Ind. W J Ross 


Check Cylinder Liner 
and Wristpin 


IF WEAR SHOWS ON THE PISTON and the 
rings are badly worn, the liner is also 
probably worn or “egg shaped.” RRS 
makes no mention of this, but the liner 
should be carefully checked with inside 
“mikes”. However, the liner is harder than 
the piston or rings and may be worn less 
as it runs much cooler. 

Heating of the pin might be caused by 
improper fitting or too little clearance of 
the piston in the liner. If the liner is worn 
or distorted, the new piston will seize. The 
pin must have room to expand lengthwise 
or it will distort the piston and cause 
trouble. Fitting a new piston and pin is a 
very particular and tedious job, and all 
dimensions and clearances must be ex- 
actly right to operate when they reach 
working heat. 

Rebored liners with new pistons are as 
good as new, but the factory should do 
the job. Local shops seldom have the 
proper equipment. On a large engine it 
is better to use all rebored cylinders and 
new pistons, not just one or two. 


Carlsbad, N. M. J E Martxins 


Is Enough Oil 
Reaching the Piston? 


It MIGHT PAY RRS to remove the oil line 
from the cylinder and operate the lubricator 
manually to see if oil is reaching the piston 
from the orifice. Also, the wristpin should 
fit loosely enough to be turned by hand in 
the bearing, to allow for expansion. Seizure 
of the wristpin, a flat spot on the crank 
shaft or an improperly fitted bearing will 
cause the piston to ride against the liner 
and cause considerable wear on the softer 
liner material. 


Humboldt, Sask. T L Patterson 


Two Factors Produce 
Piston Distortion 


FROM THE WORDING OF THE QUESTION, cylin- 
der-liner scoring can be caused solely by 
piston distortion. Two factors combine to 
produce this condition: 


(1) When the wristpin and piston were 
assembled, the fit between the two must 
have been too snug. Perhaps the pin was 
not covered with enough oil before being 
driven into place. 

(2) After installing the piston and 
operating the engine for awhile, the pin 
must have become worn and elongated be- 
cause of insufficient under-piston cooling. 
Because of the close fit, this elongation 
increased the piston diameter in line with 
the pin, so much so that the piston touched 
the cylinder wall and caused liner scoring. 

RRS states that his lubricating appara- 
tus was operating satisfactorily just prior 
to liner scoring. This may not have been 
true, but maintaining a specified oil pres- 
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sure does not always insure sufficient 
under-piston lubrication. RRS should also 
check the oil line leading to the underside 
of the piston to be sure it is not clogged. 
Particularly the check valve, oil-outlet holes, 
or spray nozzle should be free of anything 
that might hinder free passage of oil to 
the piston and bearing. If this is done and 
factor (1) observed there should be no 
further trouble. 


New York, N. Y. Brian Corrigan 


Piston Is Doing More 
Than Its Share of Work 


ONE OF THE PRINCIPAL REASONS for the 
wear RRS reports is that this piston is 
doing more than its share of work because 
of a faulty injection nozzle or a wrong fuel 
setting. This can be determined quickly 
by putting a pyrometer on the exhaust out- 
lets; the temperatures should not vary more 
than 25 deg from one cylinder to the next. 

Then, too, the pressures in this cylinder 


may be much more than in the other 
cylinders. If this is found to be so, then, 
in most diesels, the connecting rods can be 
lowered or raised. Lowering the piston 
decreases the cylinder pressure. 

This piston may not be getting enough 
oil, especially from the line going to the 
side of the cylinder that the piston thrust 
is on. The fact that the wristpin on this 
cylinder got hot in a few hours indicates 
that there is not enough oil at the wristpin. 

If his engine shows some wear on other 
cylinders, then perhaps RRS is using the 
wrong oil or else the engine has no air 
filter. If the diesel has removable sleeves. 
I recommend renewing them and installing 
new standard pistons rather than reboring 
the old liners. Unless the job is done by 
the factory or by a first-class machine shop. 
the rebored liners will not give as good 
service as new pistons and sleeves. Also, 
cost of a rebore job on oversize pistons will 
not be much less than new liners and 
standard pistons. 


Bismarck, N. D. LesLic BRADLEY 


Rain Water for 
Boiler Feed? 
Answers to Oct Question 2 

The Question 


WE ARE LOOKING for information concern- 
ing the advisability of using rainwater 
collected from the roofs of our buildings 
as feed for our steam boilers. We have 
both bent- and straight-tube units ranging 
in size from 3000 to 5000 sq ft heating 
surface. Roofs are constructed of slate and 
metal. Rainwater is conducted through 
metal downspouts and then through sewer 
pipe into underground concrete reservoirs. 
From this storage we propose to draw 
water for boiler use. Is there any possi- 
bility that this wouldn’t be suitable?—yw 


How to Treat for 
CO: and Oxygen 


SINCE RAINWATER COLLECTED FROM ROOFS 
contains practically no solid matter, this 
water cannot produce scale or increase sub- 
stantially in specific gravity in the boiler. 
However, rainwater collects some CO. and 
oxygen from the atmosphere; these dis- 
solved gases make water quite corrosive. 

If an effective feedwater-heating system 
is available, these undesirable gases will be 
quite completely removed before the water 
reaches the boilers. On the other hand, if 
J W finds that his feed-heating equipment 
is not removing these gases, he should treat 
the water with a trace of alkali, as for 
example, with phosphate and a little sodium 
sulphite. 

A small conventional chemical pump, see 
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sketch, can be used to add the necessary 
alkali and sodium sulphite. Such a pump, 
with the necessary chemical-solution tank 
and electrically controlled water meter, will 
give fully automatic and proportional feed- 
ing of the chemicals with very little 
attention. 


Clayton, N. J. S F ALLInG 


Problem of Collection 


ALTHOUGH THERE MAY BE some question 


as to the suitability of rainwater for boiler - 


feed, to my mind the principal problem is 
the practicability of collecting and storing 
it. The size of the plant is not given, but 
since there are several units of 300 and 500 
boiler-hp capacity, for estimating purposes 
we can assume a maximum water consump- 
tion of 20,000,000 lb per month (at 100% 
makeup) required by two 500-hp boilers 
operating 24 hrs per day at normal rating. 

In some months, there is practically no 
rain at all and in other months most of the 
rain comes down in a single day. In order 
to get along with as little other water as 


possible, the capacity of the reservoir should 
equal one month’s supply. This means more 
than 300,000 cu ft, or a reservoir about 180 
ft square and 10 ft deep. This practically 
is a pond, and it is questionable whether 
water stored in an open pond can still be 
classified as rainwater. Cut this capacity 
figure down to one tenth and assume that 
the plant requires less than 20,000,000 Ib 
per month—you still have something that 
appears impractical. 

Now consider how the water is to be 
collected. Three in. of rainfall per month 
is a good average. 20,000,000 lb is 320,000 
cu ft. If 90% of the rain is collected, a 
3-in. rainfall will require 1,440,000 sq ft. 
If the size of the average building is 100x100 
ft, then this company must have more than 
100 buildings to collect the rain. 

Thus, the collection of rainwater doesn’t 
look practical, if the boiler feed is 100% 
makeup or nearly so. However, if JW’s 
plant is condensing, with say 5% makeup, 
and if the locality is favored with frequent 
rains, he may be able to store the water in 
a concrete reservoir about 40 x 40 x 10 ft. 


Oak Park, Ill. N T Per 
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3-Compartment Reservoir 


RAINWATER AS BOILER FEED has been found 
satisfactory in many cases, but only in a 
few has it been possible to operate without 
chemical treatment before use. 

Purity of rainwater depends on environ- 
ment; if the atmosphere is polluted with 
gases and soot particles from industrial 
plants, a qualified feedwater expert should 
be consulted. In industrial areas, rain 
practically washes the air free of gases and 
soot, and picks up more from the roof top, 
before it arrives at the reservoir. 

The reservoir should have two or three 
compartments, the first to be used as a 
settling chamber, where a coagulant can 
precipitate the solids in the water. The 
second chamber should have a screen or 
filtering device. The third compartment 
serves as a reservoir from which to draw 
off water to the heater or economizer, 
thence to the boiler. 


Grand Rapids, Mich. Joun M Gorrie 
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There Are Many Ways 
of Treating Properly 


FROM THE STANDPOINT of mineral impurities, 
rainwater is about as pure a water as can 
be obtained, and its action, as far as pos- 
sible scale formation is concerned, is 
negligible. There is, of course, some possi- 
bility of suspended dirt and other foreign 
matter being washed from the roofs, but 
most of this will settle out in sort of a 
retaining tank. 

While such water would not cause any 
serious problem in the way of scale forma- 
tion, it would have to be watched very 
closely and treated to prevent corrosion and 
pitting, due to dissolved gases. Modern 
practice, however, provides many methods 
of destroying, absorbing, or changing these 
gases into harmless form. Under proper 
treatment, rainwater, if enough is available, 
should be a very satisfactory feedwater. 


Winnetka, Ill. DupLey K FreNncH 


May Cause Corrosion 


J W witt Fino that using untreated rain- 
water may cause serious corrosion in his 
boiler. It is true that the water will be 
soft, but he will find it high in oxygen, and 
if his plant is in an industrial area, he will 
find the water high in dissolved CO: It 
will be necessary to treat for the removal 
of both these gases. 

We suggest that the pH alkalinity of the 
boiler water be kept between 10.5 and 11.2 
as further insurance against corrosion. 


Cleveland. Ohio H W Hannan 


Don’t Use It Except 
As a Last Resort 


WHILE WE USUALLY THINK of rain as Na- 
ture’s purest form of water, there is a 
general feeling among boiler-water chemists 
that rainwater should be used as boiler feed 
only as a last resort. 

When rain falls through the atmosphere, 
it absorbs such gases as CO2, SO, hydrogen 
sulphide, and, of course, oxygen. In indus- 
trial sections, SO. and sulphuric acid, and 
often other acids, are discharged from 
stacks in vapor form. Nitrous and _ nitric 
acids, always present to some degree in the 
air, are formed during lightning discharges 
and also absorbed by rain. 

Rainwater is definitely corrosive (its pH 
ranges from 4 to 6). Today, experts advise 
using boiler feed that is alkaline and free 
from dissolved oxygen or CO:, if one is to 
expect any measure of freedom from pitting 
or general corrosion. It would thus be 
necessary to treat rainwater and deaerate 
it. In many cases this would be as expensive 
as treating other available waters. 

The uncertainty of reliable supply, the 
cost of collection and of chemical treatment, 
and the practical certainty of corrosion un- 
less proper chemical treatment is used, 
make rainwater for boiler feed definitely 
inadvisable except as a last resort. 


Staten Island, N. Y. L A ELtison 


Rainwater Needs 
Chemical Treatment 


RAINWATER is essentially distilled water 
which, in falling through the air, has picked 
up and assimilated gases such as oxygen, 
CO., etc. It is, however, practically free 
from mineral salts. The extreme softness 
of rain water plus the dissolved oxygen and 
acidity tend to make it corrosive. However, 
with proper treatment this water can be 
used. 

Proper treatment consists of raising the 
pH value and alkalinity; a pH of 9.6 is 
considered non-corrosive. Alkaline salts, 
such as caustic soda, soda ash and trisodium 
phosphate, are generally used for this pur- 
pose. Modern high-pressure plants usually 
find it necessary to install deaerators to 
remove dissolved oxygen, but medium-sized 
plants can get along with an open feedwater 
heater. The heater will drive off most of 
the oxygen, if properly vented. Temperature 
of the feed heater should be at least 210 F. 
If not enough exhaust steam is available, 
the deficiency can be made up by bleeding 
high-pressure steam into the heater. 

(Continued on page 134) 
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(Prepared with the cooperation of the 
Lincoln Electric Co. Photos posed by 
Power in Lincoln’s New York demon- 
stration room) 


>THE TWO PRECEDING ARTICLES 
showed: “How to Strike an Arc and 
Run a Bead”, and, “How to Make a 
Simple Butt Weld.” The ;*;-in. plates 
of the last exercise were butt-welded 
without beveling, and the electrode 
was moved down the center of the 
seam in a straight line. Plates 4 in. 
or thicker must be beveled before 
butt welding. The wide Vee thus pro- 
duced generally requires at least two 
layers of welding bead. The second 
bead, being wide, requires a “weav- 
ing” motion of the electrode. 


\ deg 


->| ” 


9 Bevel two plates (Say % in.) 


as shown in the skeetch and lay 

them on the table with the 
lower edges evenly separated by 3/32 
to 4 in. Tack weld at both ends 
and then check spacing 
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patterns, each depositing a wide, 

uniform layer of weld metal. 
Such woven bands are used in build- 
ing up surfaces, bridging wide gaps 
and for many other purposes. Weave 
C is most common. Weaves A and B 
give much the same effect. Weaves D 
and E give the are more time at the 
outer edges if more heat is required 
there. Weaves F and G are “one- 
sided”, give more heat on one side 
than on the other. This is necessary 
where there is more metal on one side 


1 Sketches show seven “weaving” 


Using a \%- or 5/32-in. coated 

rod, run a straight bead down 

the bottom of the Vee, without 
weaving. Be sure current and speed 
of movement of rod are such that 
weld penetrates to bottom of Vee all 
along. When this bead is correctly 
completed (inspect under side for 
penetration and fusion), clean off 
slag and scale with chisel and wire 
brush before starting second layer 


than on the other. Practice all these 
weaves on the flat surface of a metal 
plate before proceeding with the butt 
weld to be described. Experience will 
indicate which weave is best for a 
given job. While the hand moves as 
shown in the sketches, the patterns 
pictured will not show on the result- 
ing welded surface. This should be 
smooth and even, except for the 
normal evenly spaced ripples. The 
welded band should be uniform in 
height and width, free from holes, de- 
pressions or spongy places 


tern C is satisfactory), lay the 

second bead. Control current, 
motion and speed to give a smooth, 
uniform weld rising above the level 
of the plate, but without overhang- 
ing or undercutting. Be sure to get 
complete fusion with the bottom 
bead and with sides of the Vee 


4 Using a weaving motion (pat- 


Note 1: Slice weld with a saw, and in- 
spect for defects (lack of penetration, 
poor fusion, overlap, undercutting, 
holes, porosity). 

Note 2: The next in this series (No. 4, 
January Power) will show how to make 
lap and tee welds. 
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anna his window the Superintend- 
ent of a chemical processing plant 
saw the stacks belching smoke that 
turned day into night. It happened be- 
fore—just recently. 


Suspecting boiler trouble, he became 
alarmed. ‘Maybe there’s one reason 
for production delays!” He grabbed a 
phone. “Why the blackouts, Bill?” 


“The forced draft blower is acting 
up,” replied the engineer, “the valve 
in the steam line’s gone out again!” 


Only a short time ago this valve was 
repaired. Yet, again, it was causing 
irregular boiler operation and fuel 
waste; in fact, it might have crippled 
the boiler completely! That’s how Pre- 
ventive Maintenance—the modern way 
of protecting against trouble by stop- 
ping it at the source—entered the case. 


The engineer knew that valves 
shouldn’t behave that way. But he 
wouldn’t risk ordinary repair again. 
And through the Crane Man, R. B. H., 
he would benefit from Crane’s wide 
experience and knowledge in applying 
the best corrective measure. 

The first step in applying Preventive 
Maintenance is making sure that the 


CRANE 


valves and fittings are right for work- 
ing conditions. 

Here was a renewable disc valve in 
the steam line to a turbine-type blower. 
It couldn’t stand the “gaff” of constant 
throttling. The disc wouldn’t last. No 
wonder the draft blower ran wild! 

Preventive Maintenance counseled 
replacement with a Crane No. 1414P 
—a plug type disc valve designed for 
tough throttling jobs. Its materials and 
construction would safely resist the 
ravaging effects of throttled steam. It 
would give unvarying control of flow 
—keep the blower running evenly. 


RESULTS: No more blackouts even 
after two years. The menace of inter- 
rupted boiler operation, fuel waste, 
even complete shutdown was elim- 
inated with Preventive Maintenance. 
Another user of piping knows that 
the Crane Man can help get most 
for piping maintenance dollars. Be- 
cause, Crane is not only the source of 
valves and fittings for every need, 
but of accurate information on their 
proper usage as well. 


This case is based on the personal experience of R. B. H., 
a Crane Representative in our Minneapolis Branch, 


TOUGH FLOW TAMED 
WITH CRANE BRASS 
PLUG DISC VALVES 


In your boiler room—in any lines re- 
quiring severe throttling, you'll find 
these valves exactly right for the job. 
They’re sound protection against trou- 
ble in blower, blow-off, and boiler-feed 
services, in drip and drain lines. 


The unusual stamina of these Crane 
valves is in their plug-type disc and seat 
construction. Materials are just the right 
combination for highest resistance to 
the corrosion and erosion of actual 
working conditions. The wide seating 
area repels the damaging effects of wire- 
drawing and foreign matter; assures long- 
lasting tightness. The tapered disc pro- 
vides easy, positive regulation of flow. 


With Crane Plug Disc valves, you can 
apply money-and-trou- 
ble-saving Preventive 
Maintenance to all the 
tough spots in your 
piping. They’re avail- 
able in a complete 
range of pressure rat- 
ings. For 150 pound 
services, specify the 
No. 14% P—in sizes 
up to 3 inches. 


CRANE CO., GENERAL OFFICES: 
836 S. MICHIGAN AVE., CHICAGO 
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Fuel Engineers Plan Test Code 


Joint meeting of ASME and AIME hears report of committee on a code for evalu- 


ating coal in combustion tests, and papers on turbulence in _ pulverized-coal 


furnaces, sampling characteristics of coal and steam generation in steel mills 


> FurL ENGINEERS from all parts of the 
country met at Birmingham, Nov 7-9, 
at the 4th annual joint meeting of the 
Fuel Division, ASME and the Coal 
Division, AIME. 

Prominent on the order of business 
was the first report of a committee 
formed during the past year to consider 
and prepare a code for the evaluation 
of coal in combustion tests. Realizing 
that present test codes relate primarily 
to performance of equipment and _ in- 
clude only incidental information con- 
cerning the fuel, this group aims at 
developing standard procedures for 
determining the combustion character- 
istics of various coals which enables 
them to burn at maximum efficiency or 
with the greatest ease of operation or 
with lowest maintenance costs. 

At an organization meeting held in 
Philadelphia, Dec, 1939, the chairman, 
R L Rowan. appointed a sub-committee 
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on aims and objectives, headed by A W 
Thorson. This sub-group reported at 
the second meeting of the main com- 
mittee, held in Pittsburgh, Aug, 1940. 
At this time three additional sub- 
committees were formed to formulate 
portions of codes dealing with (1) in- 
formation required to describe the coal 
as supplied to the combustion equip- 
ment, (2) observations to be made in 
tests to evaluate coal for use in under- 
feed stokers, and (3) observations to 
be made in tests to evaluate coal when 
burned in suspension. The heads of the 
respective sub-committees are: R F 
Stilwell, M A Mayers, and R M Hard- 
grove. 

Discussing “Turbulence and Combus- 
tion in the Pulverized Coal Furance”, 
B J Cross, Combustion Engineering Co, 
pointed out that turbulence is created 
first in the stream of coal and air. and 
later by interaction between the streams. 


(e) elevation 


(e) plan 


Five burner types and furnace arrangements: (a) vertical, natural draft, (b) 
vertical, forced draft, (c) horizontal “turbulent” burner, (d) “impact” burner, (e) 


corner-fired burners 
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A third effect is introduced by the con- 
fining influence of furnace walls. After 
analyzing the factors determining tur- 
bulence in the jet itself, Mr Cross 
described turbulence characteristics of 
various furnace arrangements (see dia- 
gram below) and showed how the effec- 
tiveness of turbulence may be measured 
by unburned carbon in the ash leaving 
the furnace. He presented some graphs 
of furnace draft showing pulsations be- 
lieved to be associated with furnace 
turbulence. 

Percy Nicholls and B A_ Landry, 
Bureau of Mines, reported on a study 
of sampling characteristics of coals, in 
which the aim was to explain the factors 
and principles involved in evaluating 
the dependability of a sample. The 
study showed that a “lot of coal” has 
definite physical properties, namely. the 
physical properties of the pieces and 
those of the structure, expressed by the 
arrangement of the pieces relative to 
each other. These are “primary sam- 
pling characteristics.” 

The physical properties of the in- 
dividual pieces which are of concern 
for sampling ash can be completely 
expressed by two “distributing curves” 
consisting of the ash percentage and the 
weight of the individual pieces, respec- 
tively, plotted against percentage cumu- 
lative weight of the lot of coal. It was 
shown that the number of increments 
required for a given sampling accuracy 
is related to a certain “compound sam- 
pling characteristic” of the lot of coal, 
which is a function of the primary sam- 
pling characteristics. Thus the number 
of increments required can be defined 
in terms of the properties of the lot of 
coal. Knowing the factors and quan- 
tities involved, it is possible to plan 
intelligently the sampling  investiga- 
tions and to coordinate the results. 

H J Kerr, Babcock & Wilcox Co. 
compared operating results and design 
characteristics of steel-mill power 
plants, giving an analysis of factors 
delaying use of high steam pressures 
and problems to be solved in connec- 
tion with higher steam temperatures. 
He described and illustrated numerous 
blast-furnace-gas_ boiler _ installations, 
typical of best modern practice. 
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Be Sure You Get 
All These Benefits! 


CHECK THIS LIST: 


- LESS Boiler Plant Outage Time! Use Nalco treated water 
to keep drums, tubes, heaters, economizers and feed lines 
clean over long periods of time. 


FEWER Man-Hours Charged to Boiler Cleaning and 
e@ Maintenance Work. Use your man-power for productive 
and constructive work, 


e boilers up to peak efficiency and capacity at all times. 


REDUCED Water Treating Costs. Many customers report 
e that the complete cost for Nalco Service is less than former 
costs for chemicals alone. 


3 LOWER Power Costs! Nalco treatment can help you keep 


Adoption of the Nalco System requires no additional capital 
investment. Write for complete information. NATIONAL 
ALUMINATE CORPORATION, 6222 W. 66th Place, Chicago, 


Illinois. 
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What is Adequate Protection 
for Electric Circuits? 


! 


ADEQUATE PROTECTION of electric 
circuits and equipment against danger- 
ous overloads must have as its basis a 
thorough understanding of circuit and 
equipment characteristics. Emphasis 
was placed on this fact by J L Wagoner 
of the Westinghouse Electric & Mfg Co 
in a recent address given at a meeting 
in New York City. Even though his 
remarks applied to circuits using No. 
14 wire rated at 15 amp, supplying 
small devices, they are pertinent to an 
understanding of all circuit protection. 

Curve A, Fig. 1, shows the current 
that a No. 14 wire will carry for a given 
time without exceeding the standard 
54 F increase in temperature. For ex- 
ample, this wire will carry approxi- 
mately 750 amp for 0.1 sec without 
overheating and 45 amp for one minute 
and keep within a safe temperature. 
Therefore, to protect adequately this 
wire under abnormal conditions, the 
protective device must open the cir- 
cuit before the limits shown by curve 
A are exceeded. Many of the devices 
on these circuits are connected with 
No. 18 wire which should also be pro- 
tected. Curve B shows the time that 
this size wire will carry a given cur- 
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rent before the temperature rise equals 
54 F. Even though this wire will 
carry about 300 amp for 0.1 sec without 
overheating, the 15 amp rated load of 
a No. 14 wire will cause it to exceed 
the temperature limit rise in 7 min. 


Current Requirements 


The current taken by different types 
of loads is shown by curve C, Fig. 2, 
which shows what happens when a 
15-amp load of tungsten lamps is 
switched on. When the filament of 
these lamps is cold it has only about 
0.1 the resistance it has at operating 
temperature. In 0.1 sec after the 
switch is closed the current inrush to 
the lamps is still in excess of 100 amp, 
but in about 2 sec it has decreased to 
normal value of 15 amp. An extensive 
field investigation was made of the 
starting current taken by motor-driven 
devices such as supplied from No. 14 
wire circuits. These were found to fall 
within the shaded area, Fig. 2, which 
is well within the safe temperature rat- 
ing of a No. 14 wire. The ideal pro- 
tective unit for all these devices must 
not open the circuit on normal inrush 
currents of the motors or the lamps. 
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Mr Wagoner defined a short-circuit 
as any overload above the sum of the 
normal starting currents of the various 
loads on the circuit, because there is 
no obvious reason for time delay in the 
protective device, for a current above 
that value. Therefore, he said that in- 
stantaneous operation of a protective 
device on a 15-amp circuit breaker 
should start at about 200 amp, Fig. 3. 

Mr Wagoner summarized the re- 
quirements of a successful protective 
device for a No. 14 wire, 15-amp typical 
circuit as one that would give 100% 
protection to the No. 14 wire, protect 
No. 18 wire under most conditions, 
allow harmless momentary overloads, 
and give instantaneous circuit opening 
for current values of 200 amp and 
above. Such an ideal protective de- 
vice would have a time-current curve 
like D Fig. 3. A circuit breaker hav- 
ing or nearest approaching these char- 
acteristics would give the safest cir- 
cuit protection. Such a breaker, said 
Mr Wagoner, with its requirements of 
time delay and instantaneous opera- 
tion, would necessarily have to combine 
a thermal and a magnetic trip unit, 
which is now available. 
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Fig. 1—Current and time required to raise temperature of No. 14 and 18 wire 54 F. Fig. 2—Curve C and shaded area indicate 


inrush currents of lamps and motors on No. 14 wire. 
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Fig. 3—Same as Fig. 2, but with protective-device curve 
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has a TRIPLE VALUE for YOU 


SERVICE IN METALS—Research in the Scovill laboratories is 
continually in process overcoming unusual conditions 
requiring more efficient condenser tube operation. For 
example, one of the latest results of Scovill research is 
Phosphorized Admiralty, developed for those installa- 
tions where dezincification is pronounced. Scovill’s 
condenser tube alloys are subjected to laboratory con- 
trol from the time the alloys are cast until the tubes 


are finished ready for shipment. 


SERVICE IN MEN — Scovill engineering representatives aid 
you in two ways. They first study your operating con- 


MANUFACTURING COMPANY 
WATERBURY, CONN. 


SCOVILL CONDENSER TUBES 


one product... three services 
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ditions and are then in a position to recommend the 
installation best suited to your needs. Secondly, they 
regularly go into the field to check on how tubes are 
performing in service, and to assist with your current 


problems. 


SERVICE IN MANUALS — Scovill’s many experiences in con- 
denser and heat exchanger applications are the basis 
for the data contained in Scovill publications. A copy 
of the recently revised “Condenser Tubes” booklet is 


yours for the asking. 


for any of these three services ... 
think of SCOVILL, “MASTERS OF METAL” 


SCOVILL MANUFACTURING COMPANY 
13 Mill Street, Waterbury, Connecticut 


Please send me the new, revised “Condenser Tube Booklet.” 
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Fig. 1—Compressed air in receivers is double dynamite in a fire. Heat raises the pressure, softens 
the shell and sometimes seizes the valve. Moral: relieve the pressure before the tank gets hot 


Watch These Fire Hazards! 


Charles Wiggins tells what to do about air receivers, water tanks, boilers, 


welding tanks, chlorine gas, explosives, fuel-oil systems and fire pumps 


> SOME INDUSTRIAL PLANTS have emer- 
gency duties posted and hold periodic 
drills so that each man will know what 
to do in case of fire. Others do not have 
such programs. 

During normal operation one may 
never think of the various hazards that 
might arise if a fire were to break out 
in a plant. In the excitement of the 
actual fire, plans for action may take 
longer to put into effect than the emer- 
gency will permit. 

This article will not attempt to go 
into the ramifications of industrial fire 
prevention or fire fighting, but will try 
to point out hazards of some equipment 
that might be under jurisdiction of the 
power engineer. 
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Air Receivers—Heat of a fire may 
very dangerously raise the pressure of 
compressed air in a receiver. For 
example, an increase in temperature 
from 70 to 500 F would boost 100-lb 
pressure to 193 lb. Normally, operation 
of the safety valve would prevent the 
pressure from exceeding safe limits. 
However, the valve may be located on 
piping some distance from the tank, or 
heat of the fire may cause valve seizure. 

Excessive pressure building up in the 
tank may then cause a disastrous ex- 
plosion. In case of fire, and if the com- 
pressed air is not needed for operating 
any fire-fighting or signalling appara- 
tus. shut down the compressor and open 
the drain valve on the tank. 


Hot- or Cold-Water Tanks—Here too, 
expansion may cause a serious explo- 
sion. Power readers in the eastern part 
of this country may remember that just 
a year ago such an accident resulted 
in the death of two people. If the tank 
is a cold-water vessel used in any way 
with sprinkler systems or other fire- 
fighting service, operation of the tank 
should be governed strictly by fire-de- 
partment and/or _fire-insurance-com- 
pany regulations. 

If it is a hot-water tank, or a cold- 
water tank having nothing to do with 
fire-fighting service, it had best be left 
full of water unless the weight is con- 
siderable and the tank is located where 
collapse of its support might cause 
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wenty times as much ae is removed, at lowest cost, wi 
increase in alkalinity or sulfates and with a decided decreas 
hardness and tote Isolids ... Complete details a reprinted inT 
nical Bulletins Nos. 63 and 64—from ‘papers presented before. 
“American. Chemical Society... T 
laboratory and field, the BETZ Organization kee 
the application of 


Whether your problem involves Silica or other undesirable contamination, the 
technical facilities of BETZ Laboratories are at your service—at a very reason- 
able cost... May we suggest that you take advantage of this opportunity 
to rid your plant of water problems—silica or what have you—through BETZ 
Service. You can without obligation receive full advice on the Remosil Process 


or any other phase of BETZ Service. 


W.H. & L. D. BETZ, 235 W. Wyoming Avenue, Philadelphia 


Branch Offices ct 50 CHURCH STREET, NEW YORK ¢ 37 W. VAN BUREN STREET, CHICAGO ¢ 506 DIME BANK 
BUILDING, DETROIT ¢ 310 THOMPSON BUILDING, TULSA « BETZ LABORATORIES DIV., WOOD INDUSTRIES, LTD., 
ROYAL BANK BUILDING, MONTREAL, QUEBEC » 906 NEW WELLINGTON BUILDING, TORONTO, ONTARIO 


USE THE COUPONS 


SERVICE 
LITERATURE o> 


BETZ 


ENGINEERS 
ONS 


LTANTS ON ALL WATER ope 
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Watch These Fire Hazards 


(Continued from page 118) 


further hazard to life and property. In 
such case the tank drain should be 
opened to relieve the weight. If there 
is no danger of collapse of the tank 
support, leaving the tank full of water 
may prevent possible damage through 
overheating. Where the tank is left full 
of water, a vent valve or faucet should 
be opened to prevent pressure build- 
ing up. 

Boilers—Should fire threaten the 
boiler room where the boilers are used 
to operate steam-driven fire pumps, 
there is little that can be done except 
to maintain operation until the last 
possible moment. Usually if the boiler 
house is doomed, the steam pumps, too, 
will be out of commission. 

Before leaving a steam boiler under 
pressure exposed to a fire, it is advis- 
able to take drastic steps to reduce the 
hazard of explosion and to protect the 
boiler against damage in so far as 
possible. The fire under the boiler 
should be extinguished. In the case of 
a stoker- or hand-fired boiler, there may 
not be time to pull the fire. A fire hose 
may be used on it if convenient, or the 
fire may be banked with ashes or green 
coal. The lifting levers on the safety 
valves should be blocked open with non- 
inflammable blocks and the water 
level should be left as high as possible 
before abandoning the boiler plant. 

Welding Tanks, Oxygen and Acety- 

‘lene Bottles —If these units are exposed 
to high temperatures a serious explo- 
sion may result. The bottles should be 
removed from possible contact with fire. 


Chlorine-Gas Bottles are often used 
in the power or industrial plant for 
algae control at water-intake systems. 
The explosion of such a unit would be 
doubly dangerous since both the ex- 
plosion itself and the toxic gas released 
could cause fatalities. Like the welding 
units, these bottles are portable, and 
should be removed from possible ex- 
posure to fire. 

Explosives—Chemical and other in- 
dustries sometimes have installed pres- 
sure vessels containing liquids or ma- 
terials that are explosive if exposed to 
fire. Fire-department and_ insurance 
regulations should be adhered to rigidly 
with such units. If a fire does break 
out and these units appear likely to be 
exposed, the fact should be made 
known immediately to the person in 
charge of fighting the fire. All not so 
engaged should be cleared from the 
vicinity at once. 
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“Main steam line 


p-independent steam line 


Fire pump 


Fig. 2—Fire-pump steam line should be tapped off between boiler and main boiler 
stop valve, so pumps can operate even if main steam lines fail or must be shut off 


Fuel-Oil Systems—Most oil-storage 
tanks are safely underground as _ re- 
quired by many fire-insurance regula- 
tions. In case of a fire in the boiler 
room the shut-off valve nearest the tank 
in the fuel-oil-supply line should be 
closed immediately. This valve is often 
of the lever type and weighted, but held 
open by a fusible link. In case this 
link is exposed to high temperatures, it 
melts, and the weight closes the valve. 

Installation of a boiler that is to 
supply steam for a fire pump, as well 
as for power, heat. or process, should 
deviate from customary procedure in 
that the steam line to the pump should 
be an independent line. This line 
should connect directly to the boiler as 
shown in the sketch, and it should not 
be on the outside of the main stop 
valve. By this procedure, steam will 
be available for the fire pump even 
though the main stop valves are closed, 
making it unnecessary to charge the 
entire steam line. The latter might be 
impossible in case of damage to the 
main-line piping. 


Compliance with these few sugges- 
tions, and unfailing adherence to all 
fire-department and fire-insurance regu- 
lations, may permit the engineer to play 
an intelligent part in such emergencies. 


Welding Booklets Available 


PracticaL Lessons Arc WELDING. 
Published by Hobart Brothers Co, Troy, 
Ohio. 218 pages, paper bound, price $.50.— 
Consists of Part II of Hobart book, “Arc 
Welding and How To Use It” and covers 
practical lessons in arc welding, including 
such chapters as welding with bare elec- 
trodes, welding and cutting with coated 
electrodes, striking and manipulating the 
arc, and preliminary instructions. 


Courses In OXYACETYLENE WELDING AND 
Cuttinc. Published by Air Reduction Sales 
Co., 60 East 42nd St., New York. Price: 
classroom exercises $.50, lecture book 
$1.00.—Classroom exercise book impresses 
fundamentals on those interested in getting 
a working knowledge of welding, and the 
lecture book, which works in conjunction 
with the exercise book, describes the history 
of welding, properties of materials, theories 
and practical applications in industry. 
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ALTER EGO: How many have offered you a “‘good- 
as-Fleetweld” rod...and are they confessing 
or bragging? 
Well, here’s the third different welding 
rod proposition that lays ‘eloquent 
emphasis on the claim that it’s as good 
as ‘“‘Fleetweld.”’ That’s stimulating. 


ALTER EGO: No, it’s emulating. Emulation ad- 
mires and strives to imitate great actions. It’s 
a human trait. 
That prompts me to ask myself—“‘Why 
is ‘Fleetweld’ taken as the standard of 
welding electrode comparison?” 


POWER, December, 1940 


ALTER EGO: Literally ‘‘one’s other self’’—the still, small voice that questions, inspires and corrects our conscious action. 


BEING GOOD 


ALTER EGO: Maybe Lincoln can give us the 
FACTS and we can judge for ourselves. 


LINCOLN SUGGESTS: To find out why 
‘“‘Fleetweld” is the standard of comparison for 
welding quality and economy, TRY IT! Com- 
pare it to other electrodes. In what ways? 
See the 30-Point Check Chart on Page 5 of the 
New “Weldirectory.” This 56-page procedure 
guide (gratis) gives all the FACTS about 37 
Lincoln Electrodes for welding and hard-sur- 
facing — where to use them —how to use them 


—what weld properties to expect. 
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Westinghouse Expands 


The Westinghouse Steam Div Works, 
near Philadelphia, Pa., will expand present 
facilities at a cost of more than $9,500,000, 
to assure on-time delivery of turbines for 
45 fighting ships of the United States Navy. 
R A McCarty, manager, explained, “The 
plant expansion program includes a 3-story 
headquarters building, now under construc- 
tion, and which will be occupied in Decem- 
ber. Additional manufacturing space will 
be provided and present facilities re- 
arranged to permit top-speed manufacture. 
Present rates of production will be in- 
creased by four times for some naval 
equipment. Over $5,000,000 worth of ma- 
chine tools and other manufacturing 
equipment are being installed as rapidly 
as they can be obtained. 

“Manufacture of big power apparatus is 
always a matter of months, even years. By 
our new moves we are determined to keep 
deliveries on schedule. In 1940 we will 
turn out nearly $10,500,000 worth of the 
machinery now on order. In 1941, delivery 
of another $22,000,000 worth will be made, 
and in 1942 another $25,500,000. We have 
scheduled about $6,500,000 of our backlog 
for 1943 and later. 

“Orders for 57 land steam turbines are 
being filled. These are prime movers for 
power plants throughout the nation. Some 
70 mechanical drive turbines, mainly to 
provide power for industrial machinery, are 
also being constructed for land use.” 


Sikeston Adds Diesel 


Sikeston, Mo., will purchase a 1,400-hp 
diesel, to cost $67,000 and to be added to 
the four other units at the municipal light 
and power plant. The new engine will 


increase total capacity of the plant to 
5,250 hp. 


ASRE Meets Dec 3-5 


With a membership increase during the 
past year and a half of 40%, the Ameri- 
can Society of Refrigerating Engineers 
will hold its annual meeting December 
3, 4 and 5 in the Hotel Commodore, New 
York. Two informal conferences, one on 
air conditioning operation and one on 
locker plants, are scheduled for the first 
afternoon, Tuesday Dec. 3. At the air 
conditioning session, widely known engi- 
neers who furnish air conditioning for 
large groups will explain most common 
criticisms and serious operating problems. 

Some of the papers which will be of 
interest to power men are: “Personnel 
Problems in the Defense Program,” by 
T A Armstrong, Westinghouse Electric 
& Mfg Co; “Aluminum in Refrigerating 
Equipment,” Robert B Mears, Aluminum 
Co of America; “Vibration Isolation,” 
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J G Aldinger and E T P Neubauer, York 
Ice Machinery Corp; “Heat Interchang- 
ers,” David Crampton, Wallace & Tiernan 
Co; and “Status of Safety Laws in Vari- 
ous Parts of the U. S.,.”’ C F Brooks, 
National Electrical Manufacturers’ Assn. 


1940 Welding Awards 
Presented at AWS Meeting 


The 1940 Miller Memorial Award and 
the Lincoln Gold Medal for 1939-40 were 
features of the opening session of the 
American Welding Society’s annual meet- 
ing on October 21. The Samuel Wylie 
Miller Memorial Medal was awarded to 
William Spraragen, technical secretary of 
the American Welding Society and editor 
of “The Welding Journal.” Award of the 
Lincoln Gold Medal, donated to the 
American Welding Society by James F 
Lincoln, president of the Lincoln Electric 
Co, was made to Messrs J H French and 
T N Armstrong, Jr, of the International 
Nickel Co, Inc, New York City. 

The award of the Miller Medal was 
made for conspicuous contributions to the 
art and science of welding during 21 years 
in the field, also for the quality and inten- 
sity of the service which has been marked 
throughout by unusual energy, loyalty 
and integrity. The Lincoln Award. pre- 
sented each year to the author of the paper 
which contributes most to the year’s de- 


velopment of welding, was made for “Weld 
Hardening of Carbon and Alloy Steel”, 
published in the October, 1939, issue of 
the Welding Journal, and presented at 
the annual meeting in Chicago, Oct. 23-27, 
1939. The paper occupies 9 pages in the 
“Journal”, contains 19 charts and covers 
test methods, carbon steels, ternary alloy 
steels, welding speed and plate thicknesses, 
pre-cooling, maximum hardness available, 
preheating steel with high hardening ca- 
pacity, comparison of complex alloy and 
carbon steels. 


Endicott St Station 
Plans Another Addition 


Plans are under way for expansion of 
the Endicott St station of the Peabody, 
Mass.. municipal light department. A new 
boiler and turbine-generator unit, to cost 
about $325,000, will be added. Existing 
plant has two boilers and a 1500-kw 
generating unit about 20 years old, addi- 
tional energy requirements being pur- 
chased from power plant of A C Lawrence 
Leather Co. It is planned to install equip- 
ment which will enable the town to sell 
live steam to various industrial plants in 
the vicinity of the station. 


Chas R Huntley Station 
to Add 80,000 kw 


The Charles R Huntley Steam Station 
of the Buffalo Niagara Electric Corp will 
add 80,000 kw of generating capacity to 
its present 465,000 kw. The project will 
cost an estimated $6,000,000. The order 
for the building of the 60-cycle, 80,000-kw, 


IN A GLASS BY ITSELF 


It’s no museum piece and there’s nothing fragile about this conveyor belt—this installa- 
tion is operated by an eastern rayon manufacturer to convey broken pulp. The glass 
case was devised to prevent moisture loss during an important process step 
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Here transformer oil gets a profitable washing; 

it is conveyed safely, surely from transformer to 

portable filter and back again through clean, 
dependable American Flexible Metal Hose. 


oo transformer oil has to be washed just 
as shirts and sheets to restore its efficiency and 
prolong its useful life. To do this, a truck with 
portable filter backs up to the transformer and 
pays out two lengths of flexible metal hose, one 
to the drain cock, the other to the overhead oil 
reservoir. In the process, the hose is yanked across 
rough, sharp ground, coiled and uncoiled fre- 
quently and subjected to a certain amount of 
pressure as the filtered oil is pumped back into 
the reservoir. It is significant that for such abus- 
ive treatment, American Metal Hose is invari- 
ably the choice. 
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There are hundreds of other uses for the products 
of American Metal Hose that are daily saving 
money and speeding production for power plants 
all over the country. There’s American Seamless, 
as pressure-tight as the seamless tube from which 
it is made, yet as flexible as garden hose; use it 
for conveying steam, gas, oil and other liquids. 
And there’s American capillary tubing, providing 
all the protection of metal for delicate instru- 
ments without sacri- 
ficing flexibility. 
Read about these 
products in our two 
new books illustrated 
here. A note to us will 
bring them to you by 
return mail. 40272 


The American Metal Hose Branch of The American Brass Company, General Offices: Waterbury, Connecticut 
In Canada: Anaconda American Brass Ltd., New Toronto, Ontario 


Subsidiary of Anaconda Copper Mining Company 
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steam-driven turbine generator has been 
given to the General Electric Co. 

A feature of the turbine is that it will 
be one of the first large condensing units 
built in a single casing and using steam 
at 1250 lb per sq in. Steam will be de- 
livered to the turbine at 900 F. The gen- 
erator will be hydrogen cooled, and the 
ash residue from the coal burned in the 
furnace will be tapped off in molten state 
and quenched with water to a consistency 
of coarsely granulated sugar. This method 
of ash removal was pioneered in the Hunt- 
ley Steam Station. 


Professional Engineers Meet 


The New York State Society of Pro- 
fessional Engineers, in their fall conven- 
tion at Jamestown, N. Y., considered a 
suggestion that “engr.” be used as an 
abbreviation of the title engineer when 
prefixed to a name. The society’s executive 
board approved the suggestion insofar as 
it would affect the state body. Other 
resolutions were presented and reports 
were presented by Herman F Lane, Al- 
bany, Charles W Burke, Brooklyn, George 
A Dorfman, and Dr David B Steinman, 
New York. 


Here’s a Slang Dictionary 
for All Welders 


Rather picturesque speech, usually at- 
tributed to jitterbugs, hep cats, and the 
like, sometimes comes from industrial 
workers, who have speech equally or more 
so interesting and amusing than those 
mentioned. The Welder’s Dictionary, com- 
piled by Charles H Jennings, Westing- 
house Electric welding expert, gives some 
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GAS TURBINE MEDAL 


Dr Adolph Meyer, managing director of 
Brown, Boveri & Co, Baden, Switzerland, 
and pioneer in the gas-turbine field, was 
recently honored by the Institution of 
Mechanical Engineers in London, with 
the George Stephenson Medal reproduced 
above in recognition of his work in de- 
veloping the gas turbine 


of the common slang used in welding shops 
throughout the country. 

A banana weave is a weaying motion 
applied to the electrode which has the 
characteristic shape of a banana. Dingle 
balls are molten particles of spatter falling 
from the electrode when welding in ver- 
tical and overhead positions, while a fish 
eye is a characteristic marking sometimes 
found on the fractured surface of a tensile 
specimen consisting of a central flaw sur- 
rounded by a bright circular area; surface 
of the flaw is slightly concave and dis- 
posed approximately at right angles to 
direction of applied stress. 


THERE’S A HOOK 
TO THIS PICTURE 


Here’s one of the hooks 
for two 350-ton cranes 
built by the Whiting 
Corp for the Grand Cou- 
lee hydroelectric plant. 
Each crane consists of a 
73-ft traveling bridge, 
which mounts two 175- 
ton trolleys, making a 
total lifting capacity of 
350 tons. Special lifting 
beams permit using the 
two cranes jointly to lift 
loads up to 625 tons. 
Each trolley requires 
1700 ft of 1%-in. steel 
wire rope operating over 
a drum 60 in. in dia- 
meter. Complete, each 
crane weighs about 300 
tons 


Grapes are elongated particles of weld 
metal hanging from the surface of an 
overhead weld. A jazz-box (not to be con- 
fused with a “juke box”), is a small size 
ac welding transformer. An electric arc 
which makes sharp crackling sounds is 
known appropriately enough as a snappy 
arc, and spalls are small particles of metal 
not comprising part of the weld that have 
been thrown from the electrode or from 
the deposited metal while still molten. 

When you're told to “watch for the 
volcano” you will know that it is an 
eruption occurring after the first layer on 
a multiple-layer weld which is accom- 
panied by an explosion and shower of 
molten metal, caused by the explosion of 
gas inclusions in the under layers. 


Power Factor Discussed 
At Niagara Meeting 


More than 300 plant engineers, electrical 
superintendents, maintenance and _ con- 
struction men, attended the first fall meet- 
ing of the Electric Association of the 
Niagara Frontier at the Hotel Statler in 
Buffalo. Principal speakers were M T 
Alimansky, power-factor engineer of Gen- 
eral Electric Co, and Merrill E Skinner, 
vice-president of the Buffalo Niagara Elec- 
tric Corp, who discussed low power factor 
and simplified rate schedule, respectively. 
Mr Skinner is president of the Electric 
Association of the Niagara Frontier. 


Show and Exhibit 
Schedule Published 


The Exhibitors Advisory Council has 
published a 34-page booklet containing 
important information on American Shows 
and Exhibits for 1941. This master sched- 
ule is classified to cover 50 different indus- 
tries or activities and includes approxi- 
mately 350 shows. Data on each exhibit 
or show to be held in 1941 include the 
name of the exhibit, date, location, spon- 
sor and name and address of permanent 
secretary or show manager. While com- 
piled primarily for members of the council, 
copies for non-members are available at 
$5.00 each from the Exhibitors Advisory 
Council, 120 Greenwich St, New York. 


Precision Instruments 
Need a Spider Farm 


With a tensile strength 50% higher than 
that of steel, natural spider gossamer is 
still by far the best material for cross- 
hairs in precision scientific instruments. 
Human hair is far too thick, silk is both 
too thick and becomes fuzzy with lint, no 
wire can be drawn fine enough to be suit- 
able, yet spider gossamer can even be 
split if necessary to get an_ ultra-fine 
strand. 

Practically all America’s spider gossa- 

(Continued on page 136) 
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= Says E. H. Humberstone, Superintend- 
ent, Marble Cliff Quarries Co., Columbus, 
Ohio. And He Adds —“That’s Why | Use 
Allis-Chalmers Lo-Maintenance Motors in 
Our Plants — 187 of Them!” 


A STONE process plant is a good 
place to get the low-down on motor 
performance. Abrasive stone dust 
fills the air . . . loads are heavy... 
and costs are closely watched! 


That’s how conditions are at the 
Marble Cliff Quarries Company 
plant, Columbus, Ohio . . . condi- 
tions that can wreck an ordinary 
motor in a few months. And be- 
cause Marble Cliff Quarries want 
uninterrupted service... long motor 
life... low power costs . . . they’ve 
equipped their plants with 187 Lo- 
Maintenance Motors . . . practically 
a 100% representation for Allis- 
Chalmers! 


But read what E. H. Humberstone, 
superintendent, has to say — 


“We make flux for the steel in- 
dustry, and that means we must keep 
Close watch on our costs. Often our 
motors run 24 hours a day, for 


months at a time. Yes, I’m tough on 
motors — have to be! But for years 
we've given first choice to Lo-Main- 
tenance Motors because we have 
found they give longer service with 
less servicing.” 


Your Best Buy is 

Lo-Maintenance! 
What Mr. Humberstone says is being 
backed up by hundreds of other pro- 
duction men .. . men who want the 
low-cost, money-saving service Lo- 
Maintenance Motors give them... 
in reduced power costs .. . in long- 
er life. 


For in Allis-Chalmers Lo-Mainte- 
nance Motors you get performance 
that’s more than just a rated horse- 


ONE OF 187 ALLIS-CHALMERS LO- | 
Maintenance Motors in use in the Marble | 
Cliff Quarries Co. plants, this 10-hp motor © 
drives a double-deck screen . . . was in- | 

_ stalled in 1925. Service costs on this motor : 

in fifteen years to date have been zero! 


power. It’s performance based on 
full-measure construction — inde- 
structible rotor . . . distortionless 
stator .. . high carbon steel frame 
. .. no skimp or stint anywhere. 
These, plus all the other Lo- 
Maintenance features, make it the 
best motor buy for you. 


For full information on how these 
motors can help you cut your power 
costs, see the trained engineer in the 
district office near you, or write Allis- 
Chalmers, Milwaukee. 
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Courtesy — Power Magazine 


HOOKUP #25 Large steam needs for cooking, laundry and heating, typical of institutions, deter- 


mine this hospital hookup. Original plant supplied only steam; high-pressure boilers and an extraction 


backpressure turbine now meet power load while supplying steam for process and 2-pipe heating system 


at two pressure levels. Reducing valves tie pressure levels together; steam-driven auxiliaries exhaust 


to I-p header. Old boilers are operated during heating season to meet increased steam demand. 


HEN heating systems are classified according to 
the method of returning condensate from the sys- 
tem, they are known either as gravity or vacuum systems. 


In the heating system opposite, condensate is returned 
to a receiver which must be sufficiently below the low- 
est heating unit and return pipe to permit the return 
by gravity. Of interest in this diagram is the fact that 
the heating system is designed to take steam from three 
sources: Turbine Exhaust, Feed Pump Exhaust and 
from a High Pressure Line through a Reducing Valve. 


Perhaps we should note again, however, that the dia- 
grams in this series are not piping recommendations— 
but merely serve to show the basic points of control in 
a typical system. Valves at each control point are indi- 
cated and identified with a key letter. This corresponds 
with the specific Figure Numbers in the table which 
Jenkins Engineering Advisory Service recommends for 
each service. 


NEXT ISSUE—VACUUM HEATING SYSTEMS 
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RECOMMENDS... 


REFERENCE CHART TO JENKINS FIGURE NUMBERS 
CON N ECTIONS FOR FOR 2-PIPE HEATING SYSTEMS 
Standard Medium Extra Heavy 
A) PRESSURE 612 Se. Regrinding 744 Se. Dise Type 182A Se. Dise Type ve 
HEADERS 613 Fl. Regrinding 775 Fl. Dise Type 162 FI. Dise Type ntti 
141 Sc. Dise Type 918 Se. Regrinding 922 Sc. Regrinding 
142 Fl. Dise Type 919 Fl. Regrinding 923 FI. Regrinding 
USING EXHAUST STEAM 
ANGER. 2025000. 614 Se. Regrinding 776 Sc. Dise Type 163A Se. Dise Type 
615 Fl. Regrinding 777 Fl. Dise Type 163 Fl. Dise Type 
143 Se. Dise Type 920 Se. Regrinding 924 Sc Regrinding 
144 Fl. Dise Type 921 Fl. Regrinding 925 Fl. Regrinding 
IRON IRON IRON 
hiah GATE... 253 Fl. O.8. & Y. 204 FI OS. & Y. 
re re DRAIN NZE NZE 
49 Sc. Travel Spind. 


370 Se. Non- Rising 


GLOBE 106A Se. Wise 750 Se. Rexrindl 801 Se 
ise Type Se. egrinding Se Dise Type 
from pre ure botler 950 Se. Regr -Ren. 1140 Sc. Regrinding 
Aigh ss 956 Se. Regr -Ren. 1150 Se Regr -Ren. 
Type 970 Se Regr -Ren. 
976 Sc. Regr -Ren. 
Plug-Type 
BRONZE BRONZE BRONZE 
SWING CHECK...| 352 Sc. Dise Type 762 Sc. Regrinding 260 Sc. Dise Type 
762 Sc. Regrinding 962 Sc. Regrinding 
Gonmeneare AND BRO BRONZE BRONZE 
FEED WATER Same as‘ Be rahe ve Same as ‘‘B" above Same as ‘'B"’ above 
Mmospheric IRON IRON IRON 
‘l. Non- Rising 5 on- Rising 208 Non- sing 
Back Pressure. rehset velve 650 Sc. & Y. OR 204A Sc OS & Y. 
651 Fl. O.S. & Y. 253 Fl. O.8. & Y. 204 FIOS. & Y. 


turbine 


BRONZE BRONZE BRONZE 
Same as “B" above Same as above Same as above 


BRONZE BRC ONZE 
SWING CHECK . || 352 Se. Dise Type 762 Se Raprinding 260 se. Ase Type 
IRON IRON 962 Sc. Regrinding f 
623 Sc. Regrinding 338 Se. Dise Type IRON 
624 Fl. Regrinding 339 FL. Dise Type 338 Se. Dise Type 
294 Sc. Dise Type 339 FI Dise Type 


295 Fl. Disc Type 
. Regrinding 
629 FI. Regrinding 


oa 


RADIATOR 168 Sc. Dise Type 
8 ANGLE 853 Sc. Dise Type 
WITH UNION 170 Sc. Dise Type 
JoDrain 857 Sc. Dise Type L.S. 
GLOBE 167 Sc. Dise Type 


WITH UNION...| 852 Sc. Dise Type 
170G Se Dise Type L.S 
856 Sc. Disc Type L.S. 


GATE 351 Se. 
WITH UNION... 319 Sc. L.S. 


Motor-operated Iron and Steel Valves can be supplied. 


76 drain 


*25 
OF A SERIES 


designed to help 
in your selection 
of JENKINS 
VALVES 
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Tools for Belt Repair 


FLAT BELTS can be joined by rawhide 
or wire lacing, riveting, hook fasteners, 
cementing or vulcanizing and various 
special patented fastenings. Emergency 
or normal field repairs require special- 
ized tools, preferably kept in a kit that 
can be quickly taken to the belt as well 
as for use where the belt can be brought 
to the shop. 

The standard kit of some years ago 


included a plier-type belt punch or 
several sizes of hand punch, a grooving 
tool, a marker, a square and either wire 
or rawhide laces. This equipment still 
suits small drive belts subject to sharp 
turns. 

Cementing requires belt clamps, 
cement, belt-maker’s plane, a_ belt 
shave and a belt slicker. Of patented 
fasteners, commonest is the belt hook 


supplied mounted on cards, and requir- 
ing a machine clamping over each end 
of the belt; the through pin can be 
either rawhide or steel. Other fasteners. 
put across the joint, are driven through 
the belt ends and crimped. 

Fabric belts are commonly fastened 
with riveted joint plates; these require 
a riveting hammer. bucking block and 
rivet extractor. 


Steel Lacing 


Coupling 
(For round belts) 


Clip 


Punch 


Grouped Hooks Rivet and Burr 


Heavy Duty Joint Cutter 


Belt Hooks on C 


ard 
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To hold a safer water level on its seven power and 
seven recovery boilers, this paper mill has been 
supplementing its semi-automatic regulators with 
hand feed. Since the COPES Flowmatic would need 
no supplementary feeding, $13,000 could be saved 
each year by releasing water tenders for other 
duties—while the closer water level control made 
boiler operation safer. 

You can profit from the closer, safer boiler 
water level control provided by the fully- 
automatic, trouble free COPES Flowmatic. 
Write for Bulletin 429, which describes this 
simplified two-element COPES Regulator. 


NORTHERN EQUIPMENT CO., 1201 GROVE DRIVE, ERIE, PA. 


Feed Water Regulators, Pump Governors, Differential Valves 
Liquid Level Controls, Reducing Valves and Desuperheaters 
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ENGINEERS’ BOOKSHELF 


New Trenps 
TREATMENT. By Frederick G Straub, Re- 
search Associate Professor of Chemical 
Engineering, University of Illinois. Pub- 
lished by Engineering Experiment Station, 
University of Illinois, Urbana, Ill. Paper 
bound, 8 pages, price $.15.—Reviews new 
trends in boiler-water treatment for preven- 
tion of scale, corrosion, embrittlement and 
carryover. These include latter developments 
in cold process softeners and the organolites 
of Zeo-Karb softeners. Newer types of 
steam purifiers described and discussion on 
corrosion in the “steam-blanketed” areas of 
boilers is presented. 


EnciisH Encineertnc Units AND THEIR 
Dimensions. By E W Comings. Published 
by Engineering Experiment Station, Uni- 
versity of Illinois, Urbana, Ill. 10 pages, 
paper bound, price $.15.—System of units 
based on force pounds, mass pounds, feet 
and seconds is widely used in engineering. 
This is a four-unit system and requires the 
use of the dimensional constant which has 
the same numerical value as standard ac- 
celeration of gravity. Use of this dimen- 
sional constant is discussed and examples 
are worked out. Distinction between force 
pounds and mass pounds is made, together 
with an application of dimensional analysis. 


Synopsis oF Borter Laws, RuLes AND 
Recutations (1940). Published by Na- 


_jHorstinc AND 


tional Bureau of 
writers, Boiler & Mathinery Div, 60 John 
St, New York, N. Y. Price $.28 postpaid.— 
Covers laws, rules and regulations relating 
to construction, installation and inspection 
of boilers and pressure vessels in the 
various states, provinces and cities of the 
United States and Canada. Briefly indicates 
standards of construction and relationship 
between legally constituted authorities, 
insurance companies and boiler manu- 
facturers. 


PorTABLE ENGINEERS 
Hanpsook. By David J Newman Sr. Pub- 
lished by H & P Publishing Co, Station H, 
Buffalo, N. Y. 49 pages, paper bound. 
Price $2.00.—Handbook contains 200 hoist- 
ing ‘and erecting questions and answers, of 
which 147 are safety questions. Includes 
topi¢s as boilers, brakes, signals, derricks, 
cranes, engines, platform hoists, pile drivers, 
and wire rope. 

PHOTOELASTIC ANALYSIS OF TWo- AND 
a AL Stress Systems. By 
Bernard Fried and*Royal Weller, Engineer- 
ing Experiment Station, Ohio State Uni- 
versity, Columbus, Ohiés 28 pages, graphs 
and illustrations. Paper bound, price $.40. 
—Describes process of photoelastic analysis 
for studying stress concentrations in struc- 
tures and machine parts. Includes the photo- 
elastic method in two dimensions, tension 


GAS MAKES ICE IN TEXAS 


Surety Under-* specimen shape and apparent strength, 


photoelastic analysis of prestressed beam, 
and three-dimensional photoelasticity. 


Lerax Data. Lefax, Inc, Philadelphia, 
Pa. Recent Lefax data received includes: 
No. 40-7 “Weldability of Metals by Electric 
Arc”; No. 31-115, “Fusion Welding of 
Aluminum”; No. 40-12, “Welding Require- 
ments in Building Codes”; No. 33-12, 
“Cleaning Aluminum”; No. 14-79, “Lubri- 
cating Oil Tests”; No. 12-388 “Tables for 
Pipe Sizes”; No. 10-226, “Valve Timing”; 
No. 18-4 “Reistance Welding”; No. 8-85 
“Electrical Precipitation”; and No. 30-2 
“Conductivities of Building Materials and 
Insulators.” 


Supportinc OF Cast-IRON 
Pipe ror WATER AND Gas Service. By V 
J Schlick, Iowa Engineering Experiment 
Station, lowa State College of Agriculture, 
Ames, lowa, 128 pages, illustrations, graphs 
and charts, paper bound, available free if 
not out of print.—Presents experimental 
results which, when combined with load 
calculation methods previously developed 
by station, provide convenient and reliable 
means for structural design of any line of 
cast-iron pipe subjected to both external 
load and internal pressure. 


Testinc AND Rating Cope ror Low- 
(Continued on page 154) 


New streamlined gas engines drive ammonia compressors and auxiliary generators in Independent Ice & Refrigeration Co’s 
modern plant at Abilene, Texas. Main units consist of two 96-hp, 3-cyl],.550-rpm Bruce-MacBeth engines in which the housing forms 
the cooling-water tank. All parts requiring cooling are submerged; supply pipes introduce water in volume required, over: 
flow pipes maintain proper level. Compartment at front end of engine encloses governor, mixing valve and oil pump. ‘The engines 
drive 9x9-in., 225-rpm Frick compressors through flat belts, and Electiir’.Machinery Mfg Co “packaged” generators through V-belts’ 
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SEND FOR CATALOG for complete data on entire 
line showing applications, heat loss charts, insulat- 
ing efficiencies, etc. on: B-H Black Rockwool Blanket 
. .. B-H No. 1 Insulating Cement . . . B-H Mono- 
Block . . , BH No. 100 Pipe Covering ... B-H 
Weatherseal . . . and other B-H insulating materials 
effective up to 2000° F. 


BALDWIN-HILL 


575 KLAGG AVE....... TRENTON, N. | 
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Here’s a 1300 hp. steam generating unit operating 
at 7001b pressure. To provide maximum efficiency 
and insure added power output without increasing 
fuel costs, B-H Black Rockwool Blankets in _thick- 
nesses of 2”, 242” and 3”, covered with ¥2” coat 
of B-H No. 1 Insulating Cement were used on ducts, 
breechings, induced draft fans, blowers and air 
heater casings. Low in calcium oxide content, B-H 
Black Rockwool Blanket is chemically stable—proof 
against excessive heat and moisture—and its soft, 
fine fibres have a resilience that insures against any 
settling action. 


Behind Baldwin-Hill heat insulation products is an 
engineering staff that stands ready to co-operate 
with you in reducing heat losses and increasing the 
efficiency of your power plant equipment. 


See our Exhibit at the Power 
Show (Booth 224) Grand 
Central Palace, N. Y. City, 
Dec. 2-7. 


Kalamazoo, Mich. 
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Sermons 


In Octroser, I spent more than a half-hour out 
of a crowded day at the Metal Show watching 
an old glassblower and his wife. In that show 
were over 300 exhibits, showing the latest and 
best in metal-working equipment and materials 
—and there was I, watching a craft that was 
outmoded a hundred years ago! 


But with me stood the largest crowd around 
any booth. The same thing happened at the 
glassblowing and blacksmithing exhibits at 
the New York World’s Fair. People jammed 
every available nook and cranny to watch the 
old, while all around them was the ultra-new. 


Of course some of the reason was that nos- 
talgic longing we all get for the “good old 
days” and some was common curiosity. But 
beyond and above all that was the tribute all 
of us were paying to skilled men, our sincere 
admiration for people who can produce some- 
thing beautiful with little more than their bare 
hands. 


I honestly believe, too, that for most of us 
it wasn’t wasted time. I know I learned some 
things about glass that I hadn’t known, and 
I'll bet others did too. It didn’t do any of us 
any immediate good, but we know something 
about glassblowing—just in case. 


The “just in case” attitude is, I think, the 
right frame of mind in which to approach any 
exhibit. The Power Show in New York this 
month, for example, will include item after 
item that was scarcely more than thought of 
just a few years ago. They’re new, up-to-date, 
and fashionable. But the Show will teach again 
many tried and true older ideas that can be 
applied just as successfully to our present-day 
problems. The smart thing for all of us to do 


under the circumstances is to collect ideas 


wherever we can get them. 


The best reserve any chief can have is 
neither men nor capacity—it’s the experience 
and knowledge to know what to do under any 
circumstances. That takes a constantly open 
mind, a continuing desire to learn whenever 
and wherever the opportunity presents itself. 
As Shakespeare said, there are “tongues in 
trees, books in the running brooks, sermons in 
stones, and good in everything.” 


Engineer 
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Out of the J-M_ Laboratories com 


efficient insulation for 


temperatures U 


es this lighter, stronger, more 
p to 1500° F.—L-W Superex 


For temperatures to 600°, J-M 85% 
Magnesia; to 700°, J-M Asbesto- 
Sponge Felted; to 1900°, J-M Superex. 
This has been standard insulation prac- 


tice in thousands of plants. 
Now, for intermediate temperatures 
up to 1500°, the J _M Laboratories have 


developeda companion product for these 


outstanding ‘nsulations—the new,L-W 


Superex. Within this temperature range, 
L-W Superex blocks and pipe insulation 
provide the durability and permanence 


0) characteristic of all J-M Insulations, 


dvantages . of light 


with the added a 
eth and increased 


weight, high stren 
insulating efficiency: 
Between 1500° and 1900°, the former 
Superex, now known as H-T Superex, 
still remains No. 1 choice for reliability 
and maintained efficiency in service. 


Detailed information on L-W Superex 


is now available in engineering data 
sheets. For your copies and facts on the 
complete line of J-M Insulations, just 
write J ohns-Manville, 92, Kast 40th 


Street, New York, N. Y- 
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Photo by Courtesy of Eagle-Globe-Royal Indemnity Companies 
and Pennsylvania Sugar Company 


When the engineers of the Eagle-Globe-Royal In- 
demnity Companies make a periodic inspection of 
electrical equipment which they insure, they take 
no chances on the insulation — they test it with a 
“Megger” Insulation Tester. 

By this simple procedure and without risk of un- 
necessary breakdown, they penetrate unseen con- 
ditions caused by dirt, moisture and deterioration, 
and decide whether the insulation is in good or 
poor condition. 

Hundreds of thousands of similar recorded tests 
made by leading Insurance Companies, as well as 
tests made independently by Operating Engineers, 
have shown that periodic insulation testing is an 
indispensable procedure for preventing unexpected 
electrical breakdowns and unnecessary outages 
and repairs. 


Why take chances? Whether you carry electrical insur- 
ance or not, you want to avoid electrical breakdown. 
“Megger” testing is the practical way to go about it. 


TRACE MARK REGISTEREO US PAT OFF. 


Electrical and Instiuments PHILADELPHIA, PA. 


Reader’s Problems 


+ for a copy 


our Pocket 
Manwal of ““Meg- 


ger” No. 


(Continued from page 111) 


As a secondary line of defense, I suggest 
treating with such chemicals as sodium 
sulphite, ferrous salts, tannin, etc, for re- 
moving last traces of dissolved oxygen. 


New York, N. Y. L I Pincus 


Eight Years’ Experience 
Shows Good Results 


WE HAVE USED RAINWATER for the past eight 
years and find that we have had as good 
results or better than with well water. For 
about three years we used the rainwater 
just as’ it came from our concrete basin. 
We found that quite a large amount of dirt 
washed from the roof was pumped into the 
boilers, which required more frequent clean- 
ing of the boilers. 

Now, we pump all the rainwater through 
a filter and are having fine results. The 
filter has more than paid for itself in cut- 
ting down boiler cleanings and the use of 
rainwater has paid for the concrete basin 
because we save on water bills. 

We treat this water for boiler feed and 
find it does not require as much treatment 
as city water. 


Fostoria, Ohio Wn H McKean 


Deaerating Heater 
Enough 


I woutp say that impurities picked up by 
the rainwater in passing over the roof and 
through the metal and sewer conductors 
would be negligible. The main trouble 
would be from gases absorbed from the 
atmosphere. If JW will treat his boiler 
feed by passing it through a deaerating 
heater and have all free gases removed, he 
can anticipate good results. 


Toronto, Ont. J M Farrucia 


Rainwater Purity Prevents 
Forming Protective 
Coating 


A DISCUSSION OF THE SUITABILITY of rain- 
water for boiler-feed supply will probably 
be better understood if one realizes that 
(CO.) and oxygen are prime factors of 
internal corrosion and pitting in steam 
boilers. Water has an affinity for both of 
these gases. Both are present in the at- 
mosphere. Rainwater usually contains ap- 
preciable amounts of CO. and it may be 
saturated with oxygen when it is collected. 

Frank N Speller states in his book “Cor- 
rosion—Causes and Prevention,” that rain- 
water is characterized by absence of ap- 
preciable salt content and lack of ability to 
contribute to the formation of protective 
coatings. Salts in the water in appreciable 
amounts will, of course, cause undesirable 
scale formation. However, a “paper-thin” 
scale caused by slight concentration of 
solids in the water is often beneficial in 
forming a protective coating on the water 
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for every valve requirement 


Standardize your power plant with 
valves bearing the time-honored name 
of Chapman — gate, globe, check and 
angle valves, manually or motor oper- 
ated. You are then sure of more consis- 
tent performance through the uniformly 
high standards of Chapman precision 
workmanship. 

Furthermore, in keeping the name the 


same—Chapman all the way—you never 
have to straddle a fence. For Chapman 
valves are available in a wide range of 
Chapman-poured metals and alloys, es 
ecially suited for specific services — 
rom low pressure, low temperature, to 
1000°F and 2500 Ibs. pressure. 
Our catalog will show you the mght 
valve for the right yob. Write for it. 


(See our exhibits at the Show—Booths 46-47) 
THE CHAPMAN VALVE MFG. CO. Indian Orchard, Mass. 


CHAPMAN 
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MADE IN THESE ALLOYS 
Carbon Steel—Carbon Molybdenum Steel 
—Chrome Nickel Steel—Nickel Steel— 
Chrome Molybdenum Steel 


All poured into castings under the direct 
supervision of Chapman metallurgists, right 
in Chapman’s own foundry. 


OWER PLANT VALVES 
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low-Draft-loss 


FLUE DUST COLLECTOR 


Specifically designed for 
high collection efficiency at minimum 


power expenditure with stoker-fired boilers 


Filling a long-felt need, the Buell (van Tongeren) 
LOW-DRAFT-LOss Collector attains a high overall ef- 
ficiency, with low draft loss, on extremely fine flue 
dust from stoker-fired boilers—with the expenditure 
of only one horsepower for each 20,000 lbs. of gas 
per hour. 


The Buell Low-pRAFT-LOss Collector fits readily 
into existing ducts or, on new jobs, permits arrange- 
ment of flues without appreciable change in general 
plant layout. The Collector can be installed with 
boilers operating on natural draft. Where installed 
in front of induced draft fans, the erosive effect of 
flue dust on fan blades is practically eliminated. 


A description of the Buell Low-prart-Loss Flue Dust 
Collector as installed by one of the country’s leading 
public utilities will be sent upon request. 


BUELL ENGINEERING CO., Inc. 
10 Cedar Street, New York 
Offices of the Buell Engineering Company or 


B.F.Sturtevant Co. in principal cities are ready 
to serve you promptly wherever located. 


G 


Cross section Buell LOW-DRAFT-LOSS Collector 
as built into existing flue. Can be adapted 
to flues of practically any proportion. 
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surfaces. This coating may be so thin that 
its heat-insulating properties are negligible, 
and if it prevents direct contact between 
metal and water, corrosion may be 
minimized. 

In the case of the plant referred to by 
JW, rainwater is collected from the roof 
and stored in underground concrete reser- 
voirs. Here, the water may gain in acidity 
through contact with the concrete and by 
washing undesirable deposits from the roof. 
Soot, ash, tar, other carbonaceous products, 
sulphur oxides, and similar products may 
be deposited on the roof from discharge of 
chimneys and other industrial sources. 

It would be possible to use the rainwater 
if a rather elaborate system of treatment 
were installed. It seems probable that the 
expense would be so high that water from 
other sources could be used with less 
essential treatment. 


Canton, Mass. H M Sprinc 


Control Alkalinity, pH 


THE GREATEST OBJECTION to rainwater as 
boiler feed is its strong corrosive action on 
ferrous metals. The process of natural 
evaporation and precipitation yields a water 
(rain) almost entirely free of dissolved 
solids. This lack of dissolved solids permits 
maximum absorption of gases such as oxy- 
gen and CO.; the actual volume absorbed 
depends on temperature, relative pressure 
and purity of the air through which the 
rain falls. 

Congested industrial districts show high 
CO. content. They will also contain fre- 
quently H.S and SO., corrosive by nature. 
To overcome these, careful control must be 
maintained over boiler-water alkalinity and 
pH concentration. 

Some suspended matter will be picked up 
from the atmosphere and some solids will 
be dissolved during the rain’s passage from 
the slate roof to the underground concrete 
storage tank and thence to the boiler. 
Small amounts of silica and lime will be 
picked up in the storage tank. However, 
suspended and dissolved solids do not 
present a serious problem and they can be 
controlled by properly balanced treatment. 


New York, N. Y. Lioyp M Ports 


Power Lines 


(Continued from page 124) 


mer comes from Keuffel and Esser, where 
Mary Pfeiffer has been collecting it for 
51 years. She is a one-woman industry. 
Men don’t have the nimbleness of finger 
necessary to pick up the gossamer as a 
spider spins it, and no other woman has 
ever been found with the nerve to handle 
spiders. So Mary Pfeiffer lets her spiders 
out every day and reels up the gossamer 
they spin—some 2000 feet a year! 


OBITUARIES 


Joun CaLLanan, 66, former professional 
baseball player and from 1911 to 1936 
supervising engineer of the Jersey City, 
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Pratt 
install Cochrame 
100,000 
Deaerating 


HEN Pratt & Whitney, Division of Niles- 
Bement-Pond Co., whose slogan is 
“Accuracy Headquarters,” put up a new plant 
at West Hartford, Conn., they installed a 
Cochrane Deaerating Heater of 100,000 lb. /hr. 
capacity in the boiler plant. This heater is of 
cast iron rectangular construction with 
caulked joints. It is designed for 85% conden- 
sate returns at 180° and 15% makeup at 50°. 
Condensate is supplied from an overhead 
storage tank. For emergency makeup, a float- 
controlled pilot-actuated regulating valve at 
the low level admits makeup from the city 
mains. A Cochrane electric telemetering unit 
is installed in the weir chamber connecting 
with a Cochrane flow meter on the boiler in- 
strument panel. 
Thus another great plant, indispensable in 
America’s defense program, safeguards its 
power needs with Cochrane equipment. 


COCHRANE CORPORATION ° 


H 


Illustration shows 
Cochrane Deaerating 
Heater with telemeter- 
ing unit mounted on 
weir chamber. Albert 
Kahn, Inc., were con- 
sulting engineers. 


HILADELPHIA, PA. 


3106 N. 17th St., P 


WATER SOFTENERS * DEAERATING HEATERS = DEAERATORS * BLOW-OFF EQUIPMENT « VALVES « FLOW 
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You save money by installing SCHRAMM air com- 


pressors. 


These modern units—correctly engineered and 
designed for high efficiency and low power con- 
sumption—can be placed in any convenient loca- 
tion. Vertical cylinders, cast enbloc, insure a compact 
design using a minimum of floor space. Perfect 
balance eliminates the need for special foundations. 


(837a) 


See Our Exhibit 

at Booth 481-482 
NATIONAL EXPOSITION 

OF POWER AND 
MECHANICAL ENGINEERING 
GRAND CENTRAL PALACE 
NEW YORK. DEC. 2-7, 1940 


Ability to install the unit 
close to the point where 
air is needed, reduces 
piping costs. Integral cool- 
ing saves water and 
insures uniform tempera- 
ture for proper lubrication. 


Schramm Inc., West Chester, Pa. 


N. J., public school system, died of a heart 
ailment October 29. He played baseball in 
his youth with the New England State 
League and later with semi-professional 
teams in New Jersey. He joined the school 
system as engineer of a public school, 
No. 20, in 1901. He was state president 
four times and national president once, of 
the National Association of Power Engi- 
neers, and was active in obtaining legisla- 
tion controlling the licensing of stationary 
engineers. 


James J Gittis, 78, former operator at 
the power plant of the Rochester Gas & 
Electric Corp, Mt Morris, N. Y., died re- 
cently at his home there. He had retired 
from his position several years ago with a 
pension. 


Artuur Epbwarps, secretary of the 
Sterling Blower Co, and the Hartford 
Blower Co, died October 23 at his home in 
Hartford, Conn., after short illness. He was 
a native of Wilkes-Barre, Pa., and had 
resided in Hartford 38 years. 


Gitpert A Durant, 71, for 46 years chief 
engineer at the Groton School, died 
October 22 at his home in Groton, Mass. 
He was a native of South Hero, Vt. 


GeorcE B Cortetyou, 78, retired presi- 
dent of the Consolidated Edison Co of New 
York, died suddenly at his home at Hunt- 
ington, L. I. He was the fourth president 
of the Consolidated Gas Co (now Con- 
solidated Edison) and retired on July 1, 
1935. He had joined the ‘company in 
March 1909 as president and trustee, just 
after he had left his position as Secretary 
of the Treasury in President Theodore 
Roosevelt’s cabinet. Mr Cortelyou was born 
in New York City and attended public 
schools there. He was graduated from the 
Hempstead, L. I., Institute in 1879 and 
from State Normal School, Westfield, Mass., 
in 1882. He had a varied career in Wash- 
ington, serving three cabinet positions, and 
was the personal friend of three presidents. 
In 1918 he became the first president of 
the American Gas Assn, serving two terms, 
and in 1932 was elected president of the 
National Electric Light Assn. He had 
served as a director of the New York Life 
Insurance Co since 1914, and was a director 
of D Appleton-Century Co. Mr Cortelyou 
was also on the executive board of other 
organizations, and was an officer or di- 
rector of most of the companies in the 
Consolidated Edison System. 


H H Timken, Sr, chairman of the board 
of the Timken Roller Bearing Co, died 
Monday, Oct 14, at his home in Canton, 
Ohio, following an attack of pneumonia. 
He attended St. Louis, Mo., High School, 
and was graduated from there as an honor 
student. Following his graduation he at- 
tended the University of California and 
received his law degree there. When his 
father re-entered the carriage and wagon- 
making field at St Louis, he gave up law 
and joined him in business. Shortly after- 
wards his father perfected the principle of 
the Timken tapered roller bearing, and 
within short time bearing and axles formed 
the largest part of Timken production. 
Anticipating the time when the bearings 
would be used in automobiles, the company 
moved to its present location, Canton, Ohio, 


POWER, December, 1940 


Ww h ere | 
re! 
au 


Ase the hated 
full details. / 


% 
% 


(P 
LEASE PRINT) 


POWE 
R, December, 1940 
139 


| | 

with W-k-M 

“Masten 
Reduces Operating (ost : 

amd ncreases Production : 

RS 

Wy 

/ 


steam? 


Simplex Meters can be used with 
any type of pressure producing 
cnt device (orifice, nozzle, venturi tube) 
3 in any size of main to totalize the 
flow of Boiler Feed Condensate, 
Steam, Air, Gases and Corrosive Liquors. It is extremely 
accurate and reliable over wide ranges. And its modern price 


puts it within easy reach of every plant. Write for new descrip-. 
tive bulletin. 


Gives QUICK Answers 
To ALL Flow Questions 


How much hot en is going into 
Are boilers working 
at top efficiency? . . . How much 
*: gas are we using each day? 

= Let a Simplex Meter give you the 
quick, accurate answers to these 
important plant flow questions. 


TYPE M S METER 


6780 UPLAND ST., PHILADELPHIA, PA. 


NEW BULLETINS POINT WAY 
To Trouble-free Service 
with FLEXIBLE Pipe 


PENFLEX-WELD is the new corrugated 

jointless tubing for all services where 
leaks are fatal. In steel or bronze. See Bulle- 
tin 90. 


PENFLEX 4-WALL INTERLOCKED, 


pioneer of flexible safety, described in 


Bulletins 52 and 59. Tank Car, Bulletin 55; 


and Marine, Bulletin 58. 


PENFLEX HIGH RIDGE is a medium 
duty type offering many possibilities to 
ingenious designers: Bulletins 52 and 59. 


PENFLEX EXTRA-FLEX has greatest 
flexibility consistent with safety: Write 
for Bulletins 52 and 59. 


PENFLEX LIGHTWEIGHT is widely used 
for conduits, conveying light material, 
vent ducts, spouts, etc. Bulletin 60. 


PENFLEX 


Tight as Pipe . . . but Flexible 


Pennsylvania Flexible Metallic Tubing Co. 


7202 Powers Lane, Philadelphia, Pa. 
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in 1901, and production was started in 
1902. Mr Timken then became active head 
of the plant. As the factory expanded, he 
took less active part in the factory manage- 
ment and devoted more of his time to 
supervision of the entire plant. Although 
still active in the business at the time of 
his death, he had been turning over the 
actual management to his two sons, H H 
Timken, Jr, and W Robert Timken. 


‘Wiuram V Dinsmore, 68, for 33 years 
stationary engineer at Public School 7 in 
Buffalo, N. Y., died October 20 from in- 
juries suffered in an automobile accident 
the night before. 


CiaupeE L Faris, chief operator of the 
Sherman, Vermont, hydroelectric station on 
New England Power Association System, 
died recently at his home in Monroe 
Bridge, Vt. He entered the service of the 
system in 1926, and was placed in charge 
of the Sherman plant in 1933. 


Paut M Mackuin, of New York, vice- 
president and general manager of Wick- 
wire Spencer Steel Corp, was drowned with 
two companions, Nov. 6, while hunting in 
Maine. Other victims were George W Nel- 
son, superintendent of the Buffalo plant 
of the corporation, and Mr Macklin’s son, 
John, foreman at the same plant. 


PERSONALS 


Frep ELWELL, superintendent of all power 
plants of the British Columbia Electric 
Railway Co, Vancouver, B. C., has now 
retired. Mr Elwell came to B.C. Electric 
in 1911 from West Kootenay Power & 
Light Co, where he had been superintendent 
of power plants at Bonnington Falls, B. C. 
After spending 13 years as senior engineer 
at the Lake Buntzen power plants, he was 
made superintendent of all plants on lower 
Mainland territory. 


Tuomas INGLEDOW has joined British 
Columbia Electric Railway Co as chief 
engineer. He was formerly associated with 
the Montreal Light Heat and Power Co, 


MEETINGS 


American Institute of Chemical Engineers 
—88rd Annual Meeting, December 2-4, 
St. Charles Hotel, New Orleans, La. 


American Institute of Electrical Engineers 
—Winter Convention, January 27-381, 
1941, Bellevue- Stratford Hotel, Philadel. 
phia, Pa. H H Henline, secretary, 29 W 

89 St, New York, N. Y. 


American Society of Heating and Venti- 
lating Engineers—j7th Annual Meeting, 
January 27-29, 1941, Hotel Muehlebach, 
Kansas City, Mo. A V_ Hutchinson, 
heal 51 Madison Ave, New York, 


American Society of Refrigerating Engi- 
neers—S6th Annual Meeting, December 
4-6, Hotel Commodore, New York, N. Y. 
David L Fiske, secretary, 37 W 89 St, 
New York, N. Y. 


American Society of Mechanical Engineers 
61st Annual Meeting, December 2-5, he) 
Hotel Astor, New York, N. Y. C 
na secretary, 29 W 39 St, New York, 


New York Power Show — Grand Central 
Palace, New York, N. Y., December 2-7, 
1940. Management, International Exposi- 
tion Co, New York, N. Y 
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HIGH TEMPERATURE SERVICE 


When refinery lines are running at high temperatures, leak- 
age or failure of a pipe joint may be the forerunner of disaster 
—loss of property and even life. Hence, refinery bolts must be 
made of sure, dependable materials—capable of withstanding 
severe mechanical stresses as well as the thermal and pressure 
extremes encountered when the lines are running hot in oper- 
ation. Strong, tough, stress-resisting Nickel alloy steels SAE 
4340 and SAE 3140 are widely used for this vital application 
as evidenced by these two scenes in a large Mid-Continent 
refinery where bolts of the latter Nickel alloy steel, manufac- 
tured by the St. Louis Screw & Bolt Co., are rendering long, 
safe service, minimizing the danger of leakage and failure. 


Noy ng 
incl rerum CONSULTATION is invited regarding Nickel alloy 
press eN steels which assure a safe margin of strength and 


toughness at both elevated and sub-zero temperatures. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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IS WASTE HYDRA-HEADED | 
IN YOUR 
PLANT? 


po 


The expensive way by hand—and below, the efficient way with Spencer Vacuum. 


In figuring manufacturing costs, wastage is calculated in pounds or feet or 
in percentage of the original material cost. But.that's only half the story. 
In most cases it costs more to clean up waste than the material was oiaedly 
worth. Furthermore, if not cleaned up frequently, waste slows up production 
and gets kicked around, creating dust which is spread all over the plant. 


SPENCER VACUUM CLEANING in industry can reduce the cost of 
cleaning and practically eliminate the other profit consuming losses of this 
hydra-headed monster which may be eating up as much as 5% of the cost of 
your finished product. 

Spencer Vacuum is saving up to 25% of the time and cost of cleaning 
factory floors. It cleans walls, ceilings, pipes, and machinery with amazing 
rapidity and without distributing any dust. . 

It reduces fire, health and explosion hazards, reclaims valuable materials, 
reduces rejects, and cleans products during and after production. It saves 
in three or more of these ways in each plant according to a survey of 444 
users, many of whom have enjoyed the benefits of a Spencer for a quarter 
of a century or more. 


BUILT IN SIZES FOR ALL PURPOSES 


Spencer Systems for industry vary in size from a % HP portable to 100 HP 
stationary systems with inlet valves on each floor. 

The new Spencer 7!/2 HP portable with a dirt capacity of 7'/2 cubic feet, 
for instance, may be just the thing to meet your requirements. 


Ask For 
Bulletin 


P NC centrat AND PORTABLE 
~ VACUUM CLEANING SYSTEMS. 


THE SPENCER TURBINE COMPANY, HARTFORD, CONN. 
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where he was assistant engineer, electrical 
department. He came to Canada several 
years ago, following his graduation from 
Glasgow University and London University 
in England. He started as an electrical 
designer with the Ontario Hydroelectric 
Power Commission at Toronto, later join- 
ing Stone & Webster, Inc, in Boston, Mass. 
In 1925 he went to the Montreal utility 
and remained there until his present 
position. 


J P Fraser has been appointed super- 
intendent of hydroelectric plants by British 
Columbia Electric Railway Co. Born in 
Manitoba, Mr Fraser was graduated from 
the University of Manitoba in electrical 
engineering. After the first World War he 
‘oined the Canadian Westinghouse Co. He 
was appointed engineer in charge of con- 
struction of electrical features of the Seven 
Sisters plant of Winnipeg Electric Co, and 
then went to the Manitoba Power Com- 
mission as general superintendent and chief 
engineer. Mr Fraser held that position 
until his resignation to accept his present 
opening. 


F L Curtis, treasurer of Raybestos- 
Manhattan, Inc, and general manager of 
the Rubber Mfg Div, was elected a director 
in the Rubber Manufacturer’s Assn at the 
annual meeting held October 17 in New 
York. His term will expire in 1941. 


S J Horrett has been appointed vice 
president of Power Piping Div, Blaw-Knox 
Co. Mr Horrell joined the company in 
May, 1939, and has been serving this 
division in capacity of sales manager. His 
duties have been increased to include 
charge of engineering and sales. Harry 
Gay has been engaged by the company and 
has been appointed chief engineer of the 
Power Piping Div. 


B RamspaAte has been named to 
the technical staff of Battelle Memorial 
Institute, Columbus, Ohio. He is a graduate 
of Southwestern College and Syracuse 
University. Mr Ramsdale will investigate 
ignition temperatures of various coals and 
cokes. 


W M Brack has been appointed presi- 
dent of the American Manganese Steel Div, 
American Brake Shoe & Foundry. He be- 
came general sales manager of this division 
in 1934 and vice-president in 1935. He has 
been with “Amsco” since 1912, with the 
exception of the war years, when he served 
in the U. S. Ordnance Dept. 


J O Henk te, Jr, manager of the Hunts- 
ville, Ala., municipal power system with 
TVA power, resigned recently. He _ will 
resume his previous connection with the 
Alabama Power Co. 


Georce BicELow, formerly president and 
general manager of Pacific Pump Works, 
is now head of Universal Television Co. 
Mr Bigelow organized the Pacific Pump 
Works in 1923 and many of the early 
patents on centrifugal pumps were taken 
out in his name. 


Marcus HEMMENS, stationary engineer 
at the Central YWCA in Buffalo, N. Y., 
for more than 30 years, and Mrs. Hemmens 
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If you’re having trouble keeping valves tight at points where the service is un- 
usually hard, such as for throttling, blow-off, boiler feed or in drain and drip 
lines, Fairbanks Plug Valves will solve your problem. 


Seats and discs are made of a special nickel alloy of high Brinell hardness that 
resists erosion and will not seize or gall. 


The wide sealing surface in the seat and dise and the angle of the plug, distribute 
the stream flow so that it is never concentrated in one position, giving further pro- 


tection against galling and wire drawing. The plug is ground into its own seat to insure 
a perfect fit. 


Should these parts become worn, they can be replaced easily and quickly, or reground 
without removing the body from the pipe line. 


Because of their rugged construction and the fact that 
they will withstand steam pressures up to 225 Ibs., these 
valves can be safely used for most installations, yet they 
are comparable in price to standard regrinding types. 


Write for name of our nearest distributor and catalog 
No. 21, or mail the coupon. 


See our exhibit at booth 78 
Nat’l Exposition of Power & Mechanical Eng., Dec. 2-7 


THE FAIRBANKS COMPANY 
397 Lafayette St., New York, N. Y. 


Valves, Dart Unions, Hand Trucks and Wheelbarrows 
Boston, Pittsburgh—Distributors in Principal Cities 
‘actories: Binghamton, N. Y., Rome, Ga, 


The Fairbanks Co., 
397 Lafayette St., New York, N. Y. 


book No. 21 


Fig. 0501-P 
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Without obligation, kindly send a copy of your valve 


MAIL COUPON TODAY! 
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LAGONDA 


LIBERTY 


CLEANERS 


Look down the line 
and select the cleaner 
that your job needs! No 
matter what tubes or 
pipes you have—wheth- 
er straight or curved, 
large or small—LA- 
GONDA-LIBERTY Tube 
Cleaners can clean them. 
Use LAGONDA-LIB- 
ERTY’S forty years of de- 
sign experience. Clean 
your tubes with fast, pow- 
erful machines equipped 
correctly to do your job of 
cleaning. 


A tube cleaning bulle- 
tin, of interest to power 
plant men, is ready for 
your request. 


Y-154C 


ELLIOTT 
COMPANY 


LAGONDA-LIBERTY 
Tube Cleaner Dept., SPRINGFIELD, O. 


District Offices in Principal Cities 


celebrated their golden wedding anniversary 
October 20. 


S N F Hepman, formerly a member of 
the Turbine-Design Department of General 
Electric Co, River Works, Lynn, Mass., 
has been appointed assistant design engi- 
neer of the mechanical drive section of the 
Turbine Department of same plant. He 
was graduated in electrical engineering 
from the University of New Hampshire in 
1925 after starting with the company as 
student engineer in the Compressor-Engi- 
neering Dept. In 1934 he was transferred 
to the mechanical drive section of the 
Turbine Dept. 


Harotp B THomas, one of the founders 
of Elastic Stop Nut Corp, Union, N. J., 
and vice-president in charge of sales, has 
resigned to enter consulting work in indus- 
trial product analysis and market research. 
He remains active as a director and member 
of the executive committee of the cor- 
poration. 


GreorcE W Curtis has been appointed 
Milwaukee Division manager of Timken 
Roller Bearing Co. Since his graduation in 
1920 from Carnegie Institute of Technology 
he has served in engineering and sales 
capacities at Canton, O., and Pittsburgh, 
Pa. He was transferred from Pittsburgh 
to Milwaukee in 1930. 


Georce A Orrok, well-known consulting 
engineer and member of the engineering 
firm of Orrok, Myers & Shoudy, New York, 
sailed for Panama on October 24. Mr. 
Orrok will serve as consultant on new 
construction operations at the Canal. 


D C Peterson, formerly vice-president 
in charge of manufacture of the Buda Co, 
has been appointed works manager of the 
Superior Engine Div, National Supply Co. 
He joined the Buda Co. in 1915, and after 
several years with that company, left to 
assume responsibilities ‘with Continental 
Can Co. Mr Peterson rejoined the Buda 
Co in 1939 as vice-president in charge of 
manufacture and had during the past year 
constructed and placed in operation two 
plants for manufacture of radial diesel 
engines. 


W T Rowuwnpy has been transferred to the 
Atlanta office of Cutler-Hammer, Inc. Mr 
Roundy has been assigned to the state of 
Florida and will make his headquarters in 
Orlando. 


Eart N Grar, former manager of Pitts- 
burgh Branch of John A Roebling’s Sons 
Co, has been appointed assistant manager 
of sales, Wire Rope Div, with headquarters 
at Trenton. He was manager of the Pitts- 
burgh office since 1939, having joined that 
office in 1938. 


BUSINESS ITEMS 


Genera Etectric Co will open its Jack- 
son Lamp Works, a new subsidiary of that 
company, at Jackson, Miss., Dec. 1. Z B 
Taylor is an executive of the company, 
which will make fluorescent lighting equip- 
ment. 
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Illustration shows GarLocK 150 
spiral. If coil form is desired— 
specify Gartock 125. If cut rings 
are desired—specify GARLocK 200. 


\ ‘2 do so many thousands of engineers “‘prescribe’”> GARLOCK 150 High 
Pressure Packing—consistently year after year? Because they know from ex- 
perience that GARLOCK 150 is tough, strong, dependable. They know it prevents 
costly shut-downs for frequent repacking. They know it saves money. For superior 
performance on piston rods of engines, pumps, compressors, expansion joints, etc., 
against steam pressures up to 300 lbs., standardize on GARLOCK 150. 


1 2 3. 4 5 


THE GARLOCK PACKING CO., PALMYRA, N.Y. 
In Canada: The Garlock Packing Co. of Canada Ltd., Montreal, Que. 


| 
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SERVICE PROVED Lubricants 
Assure Dependable Performance 


Trick oils may look impressive in short demon- 
strations, but if you want Diesel oils that will give 
dependable, consistent performance — every day 
— every week — every month — you will want 
an oil that has proved its worth. Not an experi- 
mental oil but one that has been service proved — 
a Cities Service oil, engineered for the job. 


Experience has shown that no one oil will prove 
most effective and economical for a given make of 
engine under all conditions of operation. Such 
factors as power output, crankcase oil tempera- 
tures, etc., may as often as not make the use of a 
cheap oil expensive and an expensive oil cheap. 
Let one of our lubrication engineers tell you why 
— and prove it on your own equipment. Mail the 
coupon to us or write us on your own letterhead. 


In any event you will benefit from reading a copy 
of our new booklet on “Diesel 
Engine Lubrication.” Sent free to 

_any user of Diesel engine oil. 


CITIES SERVICE OIL CO. 
SIXTY WALL TOWER—Room 1626A, 
NEW YORK, N. Y. 


Please send me information concerning 
your Engineers’ Lubrication Service 
(check box) [) 


Please send me folder on “‘Diesel Engine 


D W Haerine & Co, Chicago, Ill., has 
added several chemists and engineers to 
augment its present staff. George Thomp- 
son, formerly at the Chicago Laboratory, 
was promoted to the New York district. 
Douglas M Considine, chemical engineer, 
was added to the staff of the Chicago Lab, 
and the Wichita Lab has added the services 
of O R Borngesser. J R Lindley and D R 
Walser have been added to the Chicago 
sales organization, and F H Wright of the 
Chicago staff was promoted to the Chicago 
District Service Dept. Ernest F Kling and 
Joseph Babush were placed in charge of 
the Detroit and Milwaukee offices, respec- 
tively. 


Gustavo Preston Co, 113 Broad St., 
Boston, Mass., has been appointed repre- 
sentative of Yeomans Brothers Co, Chicago, 
pump manufacturers. 


McCrave-Brooks Co, manufacturers of 
stokers and grates, has been reorganized to 
the McClave Co, with main offices and 
works at 936 Hamilton St, Allentown, Pa. 
Company has appointed J Beggs & Co, 92 
Liberty St, as New York representative; 
J E Rushmore, in the Scranton area. 


Warp Leonarp Etectric Co announces 
opening of a branch office in Rochester, 
N. Y. New office, located in Lincoln Alli- 
ance Bank Bldg, will be managed by J K 
Savage, sales engineer. 


Dresser Mrce Co announces purchase of 
Pacific Pump Co, Huntington Park, Calif. 
J B O'Connor, vice-president of Clark Bros 
Co, Olean, N. Y., another subsidiary of 
Dresser, will serve as chairman of the board 
of directors. A R Weis, formerly vice- 
president of Pacific Pump, was elected 
president of the California company and 
R E Reimer, treasurer of Dresser, has been 
named secretary. A R Weis is president 
of the companies. 


D W Haerine & Co, Inc, Chicago, IIl., 


plans addition to supplement present manu- 


| facturing facilities. A new plant will be 


constructed on the Texas Gulf Coast Area, 
for converting of raw materials into inter- 
mediate and finished products. West Coast 
will be served by a new laboratory to be 
established early in 1941 at Los Angeles 
or San Francisco. 


Wortuincton Pump & MaAcuinery 
Corp, Buffalo, N. Y., plant, is now operat- 
ing on 24-hr schedule with 1,500 men on 
the payroll. Work is being done on diesel 
and other engines for power-plant equip- 
ment in national defense industries. 


New address of A Evcene Micuer & 
Starr, Inc, advertising agency, is 2 Park 
Avenue, New York, N. Y., effective Novem- 
ber 4, 1940. 


CuTLer-HamMeEr, Inc, Milwaukee, an- 
nounce opening of new factory, warehouse, 
and sales office in San Francisco, Calif. 
This will be located at 711 Potrero Ave. 
Building also includes large warehouse 


(check box) space with facilities for stocking and 
—_— handling company’s line of electrical con- 
trol apparatus. 
a A N 7 Firm Name 
L U e R I Address City Sprayinc Systems Co, Chicago, IIl., an- 
announces appointment of F R Magill, 
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d and Induced Draft Veus 


Custom built for every mechanical draft service. 
All types of volume control. Efficient, depend- 
able, durable, economical. 


Force 


Cindertraps 


For stoker-fired boilers. Good 
recovery—low draft loss (0.1'’ to 
0.2’’). Tested in accordance with 
the latest A. S. M. E. Tentative 
Code, issued December, 1939. 


Cast Iron Economizers 
(right) 

A type still having many ad- 

vantages as proven by years 

of service. Built for pressures 

up to 450 lbs. per sq. in. 


Steel Economizers 
(left) 

High heat-transfer provided 

by extended-surface construc- 

tion. A size for every service— 

pressures up to 1625 Ibs. per 

sq. in. 


Write por 


complete 


Air Preheaters 
(below) 
Tubular and plate types. 
Waste heat recovery with min- 
imum maintenance. Many in 
service throughout industry. 


information 
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Altitude Control .. . 
Pressure Reducing .. . 
Throttle and Emergency 
Stop . .. Check Valves 
etc. 


150 (839b) 


TRIPLE- 
ACTING 
NON-RETURN 


© You can make safety in 
your boiler plant a certainty 
when you use G-A triple-act- 
ing non - return — valves. 
There'll be no boiler explo- 
sions or bursting steam lines 
to damage life and property 
when you use this double 
cushioned valve that will not 
stick or chatter. Comes with 
either flanged ends or weld- 
ed necks, and handles 150 
Ilbs., to 1500 lbs. Test it 
under pressure . . . it’s the 
heaviest valve of this kind 
made. In angle, globe or el- 
bow types from 23” to 16” 
in size. Free G-A catalog 
describing complete line will 
be sent to you upon request. 


Pittsburgh, Pa. 


Pittsburgh, Pa., as representative through- 
out western Pennsylvania and in neighbor- 
ing districts of Ohio and West Virginia. 
Also recently appointed is Manufacturer’s 


Supply Co, Washington, D. C. 


ALLEN-SHERMAN-HorrF Co has opened an 
office in New York, at 271 Madison Ave. 
B C Berry and P D Oesterle are in charge. 


Floating Power Plants 
Proposed up to 50,000 Kw 


Floating power plants which can be towed 
through America’s coastal and inland water- 
ways and hooked up to regular distribution 
lines to generate electricity in an emer- 
gency may be a factor in the National De- 
fense Program, according to A P Kellogg 
of the General Electric Turbine Division. 

Speaking before the Wisconsin Utilities 
Association at Milwaukee, Nov 12, Mr 
Kellogg said that a recent study showed a 
large portion of the eastern United States 
and the West Coast could be reached by 
generating stations housed in vessels de- 
signed to pass through the New York 
State Barge Canal. 

projected 50,000-kw self-contained 
floating power plant is being studied by the 
General Electric Co, the speaker stated. 
“This seems to be the largest rating prac- 
ticable. Of course, floating plants can be 
built in any ratings under 50,000 kw. The 
equipment of the floating power plant in 
general closely follows standard marine 
and central station practice with modifica- 
tions necessary to meet low head room,” 
Mr Kellogg said. 

The complete 50,000-kw steam-generating 
station he described could be housed in a 
hull similar to that of a lake freighter. 
Dimensions of the vessel were limited to 
an over-all length of 290 ft, a 43-ft beam, 
10-ft draft, and a low bridge clearance 
of 15 ft. 

The idea of floating power plants is not 
new. The U.S.S. Lexington, a turbine-elec- 
tric-drive battleship, supplied much needed 
power to the City of Tacoma, Washington, 
in 1929 when a shortage of water reduced 
the power supply below the city’s re- 
quirements. 

Two 10,000-kw turbine-generators were 
installed in the hull of the Jacona, a ship 
built during the last war, and it has been 
used by the Public Service Co of New 
Hampshire as a floating power plant since 
1930 in New England. At present it is in 
service on the Piscataqua River near Ports- 
mouth, New Hampshire. 

Mr Kellogg pointed out that the yearly 
station peaks vary on many of the large 
utility systems, and that if one or more of 
the floating power plants were available it 
could be moved from one power house to 
another as load requirements dictated. 

“With the present rapid expansion of 
industrial loads in locations which are hard 
to predict, the floating power plant can be 
placed at an advantageous point on short 
notice,” Kellogg said. “On the larger sys- 
tems, where it is known that the total load 
will grow during the next two or three 
years, but where it is difficult to decide 
upon the most economical location for a 
new generating unit, one power barge could 
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"| didn't realize how antiquated my old boiler was until | installed a Keeler 


CP steam generator." 


@ “Our fuel cost for the two years, 1938 and 1939, was 
$10,180.00 less than for the two preceding years, 1936 
and 1937. Since this boiler has already paid for itself, 
we feel that our judgment in selecting this equipment 


has been thoroughly vindicated." 


"| would recommend these boilers to any one in need of 
high-pressure boilers. We have found them to be 
everything that the E. Keeler Co. claimed for them." 


"These boilers have lived up to our expectations on 
efficiency, capacity and quick pick-up. We do not be- 
lieve we could have made a better purchase." 


"We have used one of the E. Keeler Co. Type CP 
boilers for the past three or four years and we are more 
than pleased with same. In fact, | am confident we are 
saving 15 to 25 per cent over any other boiler we have 


used." 


"In comparison with a heavy duty boiler we formerly had 
on the same job, we are saving several hundred dollars 
monthly; in fact, we find that it will pay for itself in a 
period much shorter than the engineers figured." 


"We have had two of these generators in service at our 
plants for the past few years and during this time have 


TYPE cp experienced nothing but the best performance. They 


are well constructed and the maintenance on them has 


Sizes from 50 h.p. to 1000 h.p. ; 
Pressures to 450 Ibs. been practically nothing." 
(Names will be given on request) 


ver 


E. KEELER co. 


Builders of Better Boilers Since 1864 
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OIL SEEPAGE 
PACK WITH BELMONT 


Suggested Belmont Packings 
For Oil Service 


BELMONT 6100 


Gasoline Packing Made of high grade 
asbestos yarn, braided jacket 
over iacket. Special lubricating 
compound keeps packing soft 
and retains sealing 
qualities even when 
applied to volatile dis- 
tillates Square cross 
section. Available in 
1, 3 and 5 lb. spools # 
and in sizes from " 
to 


End that drip drip drip! It’s a profit eater 
—a fire hazard—exposes all your opera- 
tions to possible loss. 


Belmont 6100, illustrated above, is espe- 
cially designed for use on rods and valve 
stems handling volatile distillates. Gaso- 
line, naphtha, kerosene and benzol tend 
to break down ordinary lubricants. But 
Belmont 6100 uses a special! lubricant 
(our exclusive formula) that keeps it 
soft, retains its sealing qualities longer. 
The fact that many of the largest refineries 
use Belmont 6100 is proof that it does the 
job better. 


6100 is just one item in the complete 
line of Belmont oil packings built to give 
maximum performance in all types of oil 
service. Belmont also makes packings for 
other services. And each Belmont Pack- 
ing is constructed for ultimate wear and 
greater efficiency. 

The complete line of Belmont Packings (for 
all types of services) is described in detail 
in the new FREE 1940 Catalog. Write 
for it on your company letterhead today! 


BELMONT 189 


Hot Oil Asbestos Pack- 
ing. Long fibre as- 
bestos yarn, braided 
jacket over jacket. 
Oil penetration and 
saturation minimized | 
by a special formula | 
lubricant. Designed | 
tor use on either hot | 
or cold oil sods and 
Plungers Square 
cross section Sup- 
plied in packing space sizes from %" up 


THERE’S A BELMONT PACKING FOR EVERY SERVICE 


BELMONT 


P AC KAS 


THE BELMONT PACKING & RUBBER COMPANY 
BUTLER AND SEPVIVA STREETS e PHILADELPHIA, PA. 


be used at any point until a permanent 
power plant could be made. As an auxiliary 
to the National Defense Program, the value 
would be great, as additional power could 
be made immediately available for replace- 
ment or increasing production.” 

In describing the 50,000-kw floating 
power plant his company has been study- 
ing, Mr Kellogg said that four boilers 
would be used. These would be similar to 
the standard oil-burning marine-type boiler, 
with the addition of an air preheater and 
a somewhat smaller economizer. The stacks 
would be made with separable connection 
so that they could be removed for trans- 
portation beneath bridges. 

The power plant would have a net output 
of 50,000 kw. The steam turbine would be 
direct-connected to the main generator and 
a house generator which would carry the 
auxiliary load. It would operate at 3600 
rpm and be of the tandem-compound type, 
double-flow with side exhausts. The steam 
cycle could be comparable with standard 
central station practice, with the same 
steam pressure and temperature and full 
feedwater heating system. 


Power Equipment 


The main generator would be rated 
50,000-kw, 0.80-power-factor, 62,500-kva, 3- 
phase, 60-cycles, 13,800-volts. Direct con- 
nected to the main generator would be a 
house generator rated 3500-kw, main and 
pilot exciters, and a house exciter. The 
main generator would be hydrogen-cooled 
with the surface gas coolers within the 
generator casing. A surface air cooler 
would provide cooling air for the house 
generator. 

The condensers would be horizontal tube, 
single pass, similar to the usual central- 
station design, excepting that, the steam 
connections would be at the side. 

Auxiliary equipment would be similar to 

the usual central station, with feedwater 
heaters, deaerator, makeup water and stor- 
age tank, fuel-oil pumps, boiler-feed pump, 
and forced draft fans. 
’ So that the unit could be started from 
cold, an auxiliary diesel-driven generator 
of approximately 500-kw capacity would be 
included. Some lights and a small amount 
of power would probably be required while 
the vessel is being towed and a gasoline or 
diesel-driven generator of about 20 kw 
would be needed for this purpose. 

Fuel oil and fresh water tanks to be 
carried in the hull would have a capacity 
for 10 to 15 hours operation, so that the 
floating power plant could operate im- 
mediately on its own until a supply tanker 
could be brought alongside. 

Plans for the hull also call for a double 
bottom for fuel or water storage or ballast, 
which would permit lightening the vessel 
to get over shallow draft points or taking 
on extra weight to get under low bridges. 

Accommodations would be included in 
the plans for the crew’s offices, locker room, 
washroom, and mess hall. 

Mr Kellogg stated that the operation of 
such a plant would be comparable with 
that of a good, modern central station. 
Performance at full load is estimated at 
12,000 to 12,500 Btu per kw-hr, figured 
on the basis of power output from the 
vessel and including all auxiliary re- 
quirements. 
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Main Boiler Feed for 


Plain, semi-cor- 


Part of 2000 Ib. —320° F 
High Pressure fugated and corru- 
Feed Line fee gated Masterflex” 


1750 Ib.— 4500 Piping Bend 


"Boiler Feed Suction Header 
for 95 ib. —320° F 


x ted Header 


KELLOGG PREFABRICATED HEADERS ETC. 
OVERCAME MANY PIPING 


. Kellogg prefabricated piping assem- 
% blies, headers, bends, tungents, etc. 
previde the most satisfa:tory answer 
to many piping preblems. 


2 Consulting engineers, operators of 
2 central stations, industrial and ma- 
4 tine power plants have {ound that a 
satisfactory method of solving their 
difficult piping probiems is to turn 
the entire responsibility over to the ’ 
M. W. Kellogg Company. 


Heat Exchangers. Pyrolytic Cracki g 
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VENTURI TUBE FEED WATER LINE 


PHOSPHATE TREATMENT INS T 


It is common knowledge that phos- 
phate treatment, as employed by the 
Hall system of Boiler Water condition- 
ing, (patented)* 


prevenis 


SCALE FORMATION and 


improves 


EVAPORATION 


as well as the safety and reliability of 
the steam generating unit 


% Proportioneers, Inc. % 


offers a complete line of constant rate, time 
responsive or flow responsive phosphate, sul- 
phate, sulphite, etc. feeding equipment for 
all operating pressures with either steam, air 
or hydraulic drive—self-contained, flexible, 
trouble-free. 


For further information write for Bulletin 
TOU-6E or send flow data and rough layout 
of your boiler water system to 


% Proportioneers, Inc. % 


16 Codding St. 


Providence, R. I. 


* Licensed under Butzler patent 
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Engineers’ Books 


(Continued from page 130) 


PressurE Heatine Borers. Published by 
Institute of Boiler and Radiator Manufac- 
turers, 60 East 42nd St, New York, N. Y. 
78 pages, paper bound, graphs and charts. 
Price $.30.—Code shows accurate method 
for determining performance of heating 
boilers known as the I-B-R Testing and 
Rating Code. 


SUPPLEMENT TO ELEctric Power StArtis- 
tics (1939). Published by Federal Power 
Commission, Washington, D. C. Publica- 
tion FPC S-7. 135 pages, price $.25.—Sup- 
plement contains detailed data by states 
from which summaries presented in “Elec- 
tric Power Statistics—1939” were prepared. 
Production of electric energy, consumption 
of fuel and movement of electric energy 
across state lines are all shown by months 
for 1939. In addition, capacity of generat- 
ing plants and production of electric energy 
are further divided by class of ownership 
and type of prime mover. Movement of 
electric energy across state lines is presented 
in such a manner that amount of energy 
received in any state from any other state 
is readily available for each month. 


Time Saver Cuarts. Published by Heat- 
ing Div, Fedders Mfg Co, Buffalo, N. Y. 
Set of four charts, printed on heavy stock, 
with celluloid-like finish for protection. 
Available on request.—Charts are used for 
accurate figuring of temperature rises for 
various operating conditions. 


Piston-Rinc Hanppoox. Prepared by 
Engineering Dept, Double Seal Ring Co, 
Fort Worth, Texas. Available on request 
to engineers and operators.—Covers various 
problems encountered in operation of in- 
ternal-combustion engines, steam engines, 
compressors and pumps, together with 
recommendations for piston-ring applica- 
tions designed to overcome various operat- 
ing difficulties. Contains engineering data 
and practical information, including tables 
and reference data. 


SUGGESTIONS FOR SPECIFICATIONS FOR 
CooRDINATED AND STANDARDIZED Low-VoL- 
TAGE METERING CURRENT TRANSFORMERS. 
Published by Edison Electric Institute, 420 
Lexington Ave, New York. 4-pages, price 
$.10.—Lists standard suggestions for speci- 
fications and shows detailed line drawing 
illustrating same. 


Current Comment 


The Power Engineer 


Looking back 60 years and more, I note 
many improvements in matters connected 
with my profession as engineer; and none 
of them please me more than the better- 
ment in attitude, experience and ability 
of those charged with the operation of 
steam engines. 

In the ‘eighties, I am reluctantly com- 


It is also known that the use of the 
Chloramine treatment of condenser 
cooling water, (patented)* 


prevents 


ALGAE GROWTH and 


improves 
HEAT TRANSFER 


The chloramine process assures 


1. Fuel savings 

2. Increased tube life 

3. Longer continuous service 

4. Greater capacity 
5. Reduced repair costs 


% Proportioneers, Inc. % 


provides 


1, Compact trouble-free equipment 
2. Complete accessories 

3. Simple application 

4. No hazard 

5. Lower first cost 


For further information write for Bulletin CL 
or send flow data and rough layout of your 
cooling water system to 


% Proportioneers, Inc. % 


16 Codding St. Providence, R. I. 


COOLING WATER 


* Licensed under Romans patent 
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VERAGING 18 hours a day for 7 years in 
A the Klamath (Calif.) Water, Light & 
Power Company plant, this 50-kw. Worth- 
ington Diesel’s performance data show— 

1. Never a stuck ring. 

2. Original rings still in use. 

3. Liner wear only .008” at top; not 
measurable at bottom. 

Throughout these 7 years the only lubri- 
cant used was Texaco Ursa Oil. 

Texaco Algol and Ursa Oils resist the 
formation of gum, sludge and hard carbon. 
They provide a tough, wear-defying lubri- 
cating film that withstands high tempera- 
tures and pressures. 

Your Diesel engines, whether large or 
small, will operate better on Texaco. In fact 
. . . more stationary Diesel horsepower in 
the United States is lubricated with Texaco 
than with any other brand. 

Trained lubrication engineers will gladly 
cooperate in making savings with Texaco 
Algol or Ursa Oils in your Diesels. Phone 
the nearest of more than 2300 Texaco ware- 
housing points in the 48 States, or write: 

The Texas Company, 135 East 42nd Street, 
New York, N. Y. 


THIS 3-CYL., 4-cyc. Worth- 
ington Diesel in Klamath 
Water, Light & Power 
Co. has been lubricated 
since 1933 exclusively 
with Texaco Ursa Oil. 


TEXACO DEALERS INVITE YOU TO ENJOY 
el FRED ALLEN in a full-hour 


program every Wednes- 
day night. CBS, 9:00 E.S T., 


METROPOLITAN OPERA every | 
Saturday afternoon, NBC. See 


local newspaper for time and 
station. 


EAR in the Worthington cylin- 
Sets was only .008 in. at top after 
7 years of 18-hour-a-day operation 
on Texaco Ursa Oil. 


NEVER A FAILURE. . which could 
be attri ue to the oil . . . not 


even a shut-down, reports Blue 
Line Hosiery Mills, Inc., Denver, 
Pa., referring to their 2-cyl. F-M 
Diesel. They use Texaco Diesel 
lubricants exclusively. 
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THIS 1-CYL., 2-cycle F-M unit is 
also giving an excellent account 
of itself in the Klamath plant... 
thanks to 7 years on Texaco Ursa. 
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NICHOLSON 


NON-FREEZING, HIGH CAPACITY 
INDUSTRIAL STEAM TRAPS 


These units employ temperature difference be- 
tween steam and condensate to open and close 
their valves, a heavy duty thermostatic bellows with 
brazed end plates being the operating mechanism. 
They are sturdily constructed and designed for high 
pressure and severe service. Water and air dis- 
charging capacity are extremely high and positive 
intermittent valve action can be absolutely de- 


pended on. 
Other advantages include non-freezing, no air 
WELDED FLOATS FOR binding, dribbling or water-logging. 
HIGH PRESSURE STEAM Available in types and sizes for all services from 


vacuum up to 300 Ibs. with superheat. Ask for 


AND HYDRAULIC SERVICE bulletin No. 439. 


Available in spherical and elliptical 
shapes in sizes from 2!/."' to 14" diame- 
ter—in stainless steel and in chromium 
plated steel. Made for all steam pres- 
sures up to 1500 Ibs. and hydrostatic 
pressures up to 2500 Ibs. 


"Nicholson" Welded Floats are die 
formed — not spun or laminated — with 
welding seam serving as reinforcing 
ring, and give extraordinary resistance 
Also: NICHOLSON Control Valves, Piston and 
Write for Bulletin No. 339 coverin Weight Operated Traps, Flexible Couplings, Ex- 

ages 9 panding Mandrels, Arbor Presses, Compression 
details. Shaft _ Bees song Steam Eliminators and Sepa- 


rators, Compressed Air Traps. 


W.H.NICHOLSON & COMPANY 


125 OREGON ST. — WILKES-BARRE, PENNSYLVANIA, U.S. A. 


THIS 
FREE SAMPLE 


IS OUR 


We are proud of the fact that 
more than 90% of the engineers 
who request working — of 
Greene, Tweed Packings become 


Z 


Qua permanent users. Such remarkable 
‘PALMETTO approval by these engineers who have tested our 
‘Paved packings under every conceivable condition 
Gee should convince you that you cannot afford to 
‘pELRg delay in making your own tests. If you want 
‘Burn longer packing life, less wear and less frequent 
trl shut-downs for repacking, send right now for 
cGrNa free working sample specifying size and service. 
bE GREENE, TWEED & CO. 
SELF-LUBRICATING & SHEET PACKINGS 
= 101 Park Ave., New York, N. Y. 


ESTABLISHED 1863 


p 


Reg U S Pot. Off. 


PACKING 
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pelled to say, nine out of ten of those so 
entrusted were little more than starters 
and stoppers, and professional engineers 
objected to their use of the word “engi- 
neer” without a qualifying expression, as 
“stationary,” “locomotive,” or “marine.” 

Now, however, attendance at the meet- 
ings and conferences of associations of 
men in this vocation, would convince any 
one competent to judge, that a new order 
has arisen. The papers read, the lectures 
delivered by their own members and by 
invited professionals, the discussions aris- 
ing from these papers and lectures, and 
the contents of their trade periodicals, 
show that these men intrusted with man- 
agement and care of valuable property, 
now as a rule are “engineers” in the 
strictest sense of the term. 

Unfortunately, their employers do not 
always recognize that fact, very largely on 
account of their own ignorance of what 
knowledge, experience, conscientiousness 
and natural ability it takes to discharge 
the manifold and increasing duties of engi- 
neer efficiently—that is, “to get the most 
of the best for the least.” 

The foregoing was intended to lead up 
to this—that it is the duty of the engi- 
neer’s employer to supply him liberally 
with the means to utilize and increase his 
special knowledge. Above all things, this 
means providing him with the technical 
appliances formerly only in the hands of 
his professional diploma colleagues. 


The Modern Engineer 


The former mere “engine-runner” or 
“starter and stopper” has either developed, 
or given place to, the modern competent 
power engineer, who, as the expression 
goes, “knows his engine in his sleep.” 

In the ‘eighties, the conscientious and 
ambitious stationary engineer, not  satis- 
fied with the working of his charge, took 
his own free time Sundays and _ holidays 
to find out “how and why,” by the cele- 
brated Hunt system used by amateur 
typists. 

He attacked the boiler problem; looked 
for leaks in the setting, breaks in the 
bridge wall, stoppages in flues; tested the 
temperature in the uptake; tried various 
degrees of draft, and satisfied himself as 
to its regularity; formed an opinion as 
to the efficiency of grate and of feedwater 
heater. If he had a test-gage he compared 
it with the one on duty; he saw to it that 
there were no sags in steam-pipe leads; 
and altogether assured himself that the 
steam supply was dry, prompt and 
plentiful. 

He tried this valve adjustment and that, 
thought perhaps that the eccentric might 
be shifted to advantage, and unless it was 
keyed on immovably, shifted it. In those 
days, all set-screws were furnished with 
nice hard sharp points, so as to get a 
good hold of the shaft; so if on Monday 
the new adjustment proved unsatisfactory, 
the next Sunday the eccentric was re- 
shifted either to its former position or to 
a still newer one, until eventually the 
shaft had a surface like unto a wood rasp. 

At times, yielding to the engineer’s argu- 
ments and insistence, the owner employed 
a professional to indicate the engine, point 
out the cause of the trouble, and remedy it. 

But now-a-days the man in charge of a 
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ERE in a permanent, cloth-bound vol- 

ume you have the most exhaustive 

and useable treatise ever published on 

the application of welding fittings and 
forged steel flanges. 

Beyond the particularly complete and 
clear dimensional and price data cover- 
ing Taylor Forge WeldELLS and Forged 
Steel flanges, its 216 pages contain en- 
gineering data that will prove invaluable 
to the man who purchases, designs or 
specifies piping, fittings and flanges in 
carbon and alloy steels. 


and forged steel 
flanges 


Among the subjects presented are case 
studies of flexibility in welded piping, 
comparisons of theoretical with test re- 
sults, flange bolting data, complete data 
on standards, pressure and temperature 
ratings, sub-normal impact testing data— 
in fact, far more information on welding 
fitting and flange application than was 
ever before published in one volume. 

This book is available without charge 
to interested engineers and organiza- 
tions. Mail the coupon for your copy. 


TAYLOR FORGE & PIPE WORKS 


General Offices & Works: Chicago, P. O. Box 485 © New York Offices: 50 Church St. @ Philadelphia Offices: Broad St. Station Bldg. 


POWER, December, 1940 


Taylor Forge & Pipe Works 
Dept. A- P. O. Box 485, Chicago, Ill. 


Send without cost or obligation, copy of your new 


216 page Taylor Forge catalog and data book. 
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SEPARATORS & PURIFIERS 


For 
EXHAUST 
STEAM 
LIVE 


STEAM 


COM- 
PRESSE 
AIR 


ALL-SERVICE SEPARATOR 
For Horizontal Pipe Lines 
For many years the most pop- 
ular separator on the market. 
May be installed in restricted 
locations. 


For 
EXHAUST 
STEAM 
LIVE 
STEAM 


COM- 
PRESSED 
AIR 


ALL-SERVICE SEPARATOR 
For Vertical Down-Flow 
Pipe Lines 
Highly practical efficient de- 
sign. One-piece construction. 


Self-clean- 
ing. Low in 
For cost. 
EXHAUST 
STEAM 
PROCESS 
STEAM 
LOW RECEIVER 
PRESSURE SEPARATOR 
LIVE 
STEAM 
LOW PRESSURE 
SEPARATOR 
For pressures up to 75 lb. 
Exceptionally large port 
area. Self-cleaning. Weld- 
ed construction. 


PURIFIER 


| Cochrane Corp., 3106 N. 17th St.. Phila., Pa. 
Please send me copies of your Publications I 
on Cochrane Separators and Purifiers l 


| Name | 
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high-grade engine knows indicator dia- 
grams; and if provided with the instru- 
ment, can apply and use it, and profit at 
once by the information gained. 

This being the case—and provably the 
case—it is the duty of the engine owner 
(and to his interest) to furnish the engi- 
neer who “knows his onions” with the 
tools now belonging to his trade; see to 
it that when he installs an engine it has 
been already bored and tapped for indi- 
cation, at the far ends of the clearance 
spaces, and in such places as will best 
permit connection with the crosshead. If 
the instrument (two are better than one) 
is supplied with a reducing-rig, so much 
the better; but I guarantee that if it is 
not, the present-day engineer, if he does 
not already know how to make the con- 
nection, will soon find out, and use the 
information for the benefit of all concerned. 

Leonia, N. J. Rosert GRiMSHAW 


Stops and Starts 
for Power Engineers 


IN THE INTERESTS of adding to the general 
knowledge of the power engineer, I am 
sending along the following definitions of 
words and_ phrases: 


Free wheeling—Attempting to open a 
gate valve having a sheared stem when 
the insurance inspector wanted a test on 
the plant fire pump. 


Study in still life—Trap on the alcohol 
still that wouldn’t function because the 
disk pin of the discharge check valve had 
failed due to erosion. The disk had broken 
away and stopped up the discharge line. 


Anvil chorus—Sound effects from the 
operator's automobile after he had filled 
the crankcase with swiped turbine oil. 


Little German band—Acceleration of a 
certain plant manager who ran into the 
power plant when an interruption occurred, 
shouting “Vot iss?, Vot iss?” After being 
told by the engineer to get the hell out 
of the way until the situation was back 
on the line, he had started to leave when 
the cast-iron flywheel of a motor-driven 
turbine-governor control came off its shaft 
and started to bounce dewn the floor after 
him. 

Rest in pieces—With apologies to the 
consulting editor. The master maniac’s 
overalls left hanging over the plant storage 
battery. Add the chief’s favorite pair of 
woolen work pants that had become oil 
soaked and the bright idea of saving a 
cleaner’s bill by boiling them out in a 
caustic-soda_ solution. 


Lightning stroke—The crash of broken 
glass and the momentary flash during a 
storm last summer. A full row of open 
windows in the turbine room were smashed 
and an arc was started across the station 
auxiliary transformer bus by a chunk of 
flyash dislodged from the top of the stack 
during a high wind. It was two days be- 
fore someone noticed the gap in the accu- 
mulated material on top of the stack and 
lighting was absolved from the blame.— 
S H Coreman. 


All boiler plants must have water of 
extremely high quality, free from im- 
purities found in natural waters. To treat 
water for boiler feed purposes calls for 
a coagulant that will not cause corrosion 
or scaling, but which will provide a 
quick-forming, rapid-setting floc. 

Such a coagulant is Ferrisul (anhydrous 
ferric sulfate). Ferrisul removes silica, 
eliminates scale-forming sulfates, re- 
moves turbidity and hardness... and 
does so efficiently and economically. 
Plants that have used Ferrisul have found 
it a safe and dependable coagulant, hav- 
ing an extremely and absorptive floc 
under varying conditions of water tem- 
perature, alkalinity and pH. 

Made in the form of globular gran- 
ules, Ferrisul is free-flowing and easy to 
handle. Since it is a dry material, it will 
not freeze in winter nor melt and cake 
in summer. Further information will be 
supplied by Monsanto's technical staff. In- 
quire: MONSANTO CHEMICAL COMPANY, 
Merrimac Division, Everett Station, 
Boston, Massachusetts. 


| Monsanto 


SERVING INDUSTRY...WHICH SERVES MANKIND 
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| Bremove odand | PERRIS 

COCHRANE, sewage 

| | 
= CHEMICALS 
| 


MORE PROFITS 


and 
INCREASED PRODUCTION 

from 
EXISTING EQUIPMENT 


at 


BOOTHS 
300-301 


TANNATE-Rockwood drive 
duction and decrease your costs. Machines are kept : 
at the right speed automatically: this means higher 
hourly production, more uniform work, les spoilag 
reduced unit cost—and more profits! | . 
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LEAKS 


avoided or stopped 
by SMOOTH-ON No. 3 
Smooth-On 


ends pipe- 
joint troubles 


Pipe joints—threaded or gasketed 
—made with Smooth-On No. 3 
KEEP TIGHT, because this soft 
metal filler has the same coefficient 
of expansion as the pipe, does not 
shrink, dry or blow out, and holds 
perfectly even at high pressures or 
wide temperature variations. 


So when leaks develop at a pipe 
joint, reassemble with Smooth-On 
No. 3, and you will secure a lasting 
seal even if the threads are worn or 
damaged. 


Buy Smooth-On No. 3 in 1-lb., 5-lb. cans 
or 25-lb. kegs from your supply house or 
if necessary, from us. For your protection, 
insist on Smooth-On—used by engineers 


since 1895. 


The 40-page Smooth-On Handbook 
—full of valuable suggestions that 
will save you time, effort and 
money on equipment repairs, such 
as sealing cracks in_ heaters, 
pumps, tanks, etc., stopping leaks 
at seams and bolts, tightening 
loose fixtures and parts of appa- 
ratus, waterproofing walls, floors; 
etc. Send the coupon for your 
copy. 


SMOOTH-ON MFG. CO., Dept. 30 
570 Communipaw Ave., Jersey City, N. J. 


Please send copy of the SMOOTH-ON-HAND- 
BOOK. 


SMOOTH-ON 
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Questions for 
Boiler-Room Engineers 


Many recent examinations for boiler 
inspector’s and engineer’s licenses have 
included questions on welding. Weld- 
ing is, in certain cases, a very practical 
and inexpensive way to repair a boiler. 
In other cases, it may be extremely 
dangerous and is strictly forbidden by 
Code States. Under rigid control of 
technique and tests, welding may be 
used in the construction of new boilers. 
The ASME Code for Power Boilers de- 
scribes the required tests thoroughly. 
The following questions are typical of 
those asked on the subect: 

Q 1—What causes slag inclusions in 
electric welding? 

A 1—(a) Improperly cleaned sur- 
face before starting a succeeding pass. 
(b) Inexpert use of the arc; that is, 
not floating the slag to the surface of 
the molten pool of metal. (c) Too low 
a current, resulting in lack of proper 
heat to form a pool which will float 
slag to the surface. 

Q 2—How would you tell a poor 
weld by surface observation? 

A 2—(a) Porosity. (b) Irregulari- 
ties; that is, absence of a regular weave 
pattern, lumpy, etc. (c) Undercutting; 


UNDERCUT WELD 


that is, presence of a valley or groove 
along the edges of the weld. This may 
be caused by excess current or voltage 
burning away the edges of the parent 


metal, Fig. 1. Another cause of a 
groove that may not actually be under- 


INCOMPLETE WELD 


cutting is that a final cover-up pass is 
not made. This results in an incomplete 
Vee weld, Fig. 2. 

Q 3—What are locked-up stresses? 

A 3—When making a weld, the heat 
causes expansion of surrounding plate. 
As the weld progresses, the areas of 


LOW-COST WAY 
TO DE-SCALE 
DIESELS 


YOUR DIESEL ENGINE... 
does it overheat? Are lime scale 
and rust deposits impairing cool- 
ing efficiency? Then remove 
these insulating accumulations 
successfully... yet SAFELY 
. . . with fast-working Oakite 
Compound No. 32 NOW, before 
serious trouble develops. 


Simply permit solution of this 
superior scale-dissolving material 
to soak for short time... then 
rinsing leaves passages clear and 
clean! Heat transfer efficiency is 
restored. Method is easy, too... 
no dismantling needed. And the 
LOW COST will please you! 


On other maintenance jobs, too... 
stripping transformers, cleaning air fil- 
ters, cleaning “‘lube” oil coolers, steam 
cleaning, etc., ... Oakite materials can 
save time and money for you. Write for 
helpful, money-saving data on your 
cleaning problems. No obligation. 


- OAKITE PRODUCTS, INC. 
23 Thames Street, New York, N. Y. 


Representatives in All Principal Cities of the 
United States and Canada, 


g 
MATERIALS & METHODS FOR EVERY CLEANING REQUIREMENT 
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Miss Seeing the New 
MASON-NEILAN FIELD DEMONSTRATOR 


SALT LAKE @ 


@ SAN FRANCISCO 


@ LOS ANGELES 


@ CHEYENNE OMAHA 
@ DENVER 


e YORK 


CHICAGO® 


@ ST.LOUIS 
@ KANSAS CITY 


@TULSA 


See this unique travelling laboratory 


= = demonstrate the operation of Masoneilan 


Automatic Control Equipment for all 


MASONE 


REG.U.S.PALOFF, 


MASON-NEILAN REGULATOR CO. 
1186 ADAMS ST., BOSTON, MASS., U.S. A. 


New York Buffalo Philadelphia Pittsburgh 
Tulsa Toledo Chicago St.Louis Houston 
Los Angeles San Francisco 


Mason Regulator Co., of Canada, Ltd., Montreal 
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industrial processes. Just arrived after 
travelling over 10,000 miles from coast 
to coast, this field demonstrator has ex- 
hibited the merits of Masoneilan equip- 
ment to literally thousands of interested 
engineers and operators. You will find 
it of interest also. See it in Booth 7, 
Main Floor. 


If you would like to arrange a demonstra- 
tion at your plant, see a Masoneilan 
engineer at the booth. 
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Model 
Cleaner 
head and air valve for one- 
man operation. 


When you buy a Roto Cleaner for your curved 
tubes you are assured that it will really clean 
them. Roto checks each requirement carefully to 
make sure that the cleaner furnished is the very 
largest and most powerful that will negotiate 
the bends. Only such cleaners can be guaran- 
teed to really remove all the scale. 


Roto can furnish a cleaner for any size and shape 
of tube used in power plant equipment. 


Write for details. 


The ROTO Company 


145 SUSSEX AVENUE NEWARK, N. J. 


. FOR QUICK CIRCULATION USE 


CRYER THERMOSTATIC —.~ 
RADIATOR TRAPS 


Sold by leading dis- 
tributors in principal 
cities. 


The CRYER permits water, air and gases 
to pass from the radiator into the re- 
turn line while preventing steam from 
passing and takes the rap and pound 
out of heating system. 


In the CRYER, a special alloy bronze 
is used in the bellows construction as 
well as a stainless steel seat. These ex- 
clusive features insure longer life and 
more uniform and continuous service 
without waste or noise. 


| Made in Angle Type in '/2” 
and 34” size tappings for 
pressures up to 25 Ibs. All 

di i conform with —| 


CRYER TRAP & VALVE CO., INC. national Association. 
366 Madison Ave. 


standards adopted by . the ™ 


Write for complete details. 


New York, N. Y. 
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plate remote from the seam cool first. 
Then as the hot plate adjacent to the 
weld cools, it tends to contract consider- 
ably. As the more remote areas have 
cooled beyond their plastic state, this 
contraction tendency sets up locked or 
residual stresses. 

Q 4—What harm may be done by 
locked-up stresses? 

A 4—To the locked-up stresses is 
added the stress due to operating condi- 
tions. The total stresses may exceed 


welded 
to plate with 
unnecessarily 


Filler weld heavy fillet 


Contraction crack 


safe limit. Failure may result after 
the seam has been subjected to operat- 
ing service, or failure may even result 
before any additional stresses are im- 
posed, Fig. 3. 

Q 5—What may be done about 
locked-up stresses? 

A 5—Stress relieving in accordance 


with the provisions of the ASME Code 
4 


First pass ina single Vee weld 


should be followed where the design 
makes it likely that such stresses will 
exist. 

Q 6—What is a pass in welding? 
What should be done before starting a 
succeeding pass? 

A 6—(a) A pass is a bead of weld- 
ing applied along the entire length of 
the seam. This may be either a string 
bead (a very small bead applied in the 
first pass at the root of a Vee), Fig. 4. 
or a weaving bead as used in succeed- 
ing passes, Fig. 5. (b) Before starting 


Start of second pass 


First pass" 


Dotted lines show weaving 
path arc should take to 
complete the second pass 
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SHOULD YOU RE-ORDER 


.-» LET A BRIDGEPORT ENGINEER HELP YOU DECIDE 


The alloy you specified for your last condenser or heat ex- 
changer may not be the one best suited for a new unit in the 
same plant—or even for a retubing job in the original unit. 

Operating conditions may have changed in your plant. 
Temperatures or water velocities may have increased. Fac- 
tors outside the plant—pollution and gas content of your 


THE SAME CONDENSER TUBE ALLOY? 


PURCHASE R 


ECOrD 


requirements, that will give better service for your job. 

Let a Bridgeport Condenser Engineer help you to decide 
which alloy will give best service for replacements or new 
units. Through his extensive field experience in the study of 
operating conditions in every type of plant, he will be en- 
abled to evaluate your present requirements. He has studied 
the performance of numerous alloys in actual service—from 


a cooling water—may have increased the danger of corrosive the familiar Admiralty to the newer and more highly cor- 
attack. Old tubes, thoroughly coated with a protective film, rosion-resistant alloys—and will recommend the one that 

, frequently withstand corrosive conditions that would quick- Promises greatest economy. Consult with him before you 

f ly damage new, uncoated tubes of the same alloy. Or, there order condenser tubes for new or replacement jobs. 

; may be a newer alloy, engineered for severe operating 
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HENSZEY 


BOILER FEED WATER 


METERS 


eliminate GUESSWORK! 
=> MEASURE the FEED WATER 


going into your boiler 


=> MEASURE the BLOWDOWN 


coming out of your boiler 


and you will KNOW what 
the amount of 
EVAPORATION really is! 


You must know this to get efficient 
boiler operation. Use a Henszey feed 
water meter to measure the feed water 
and another to measure the blowdown. 
You can then check your evaporation 
at a moment's notice. 


These sturdily constructed meters are 
equally accurate at high or low flow, 
on centrifugal or reciprocating pumps, 
and at all pressures. Their accuracy 
is not affected by hot, dirty blowdown. 


Interesting literature available. 


HENSZEY COMPANY 


Dept. D12 Watertown, Wis. 


Water enters the measuring chamber 
tangentially, spinning in the chamber as 
it passes through, forming a vortex. Each 
gallon that passes through this chamber 
makes the same number of revolutions 
of the water. A vane is placed in the 
rotating water to impart this rotation to 
the register. No close clearance—less 
wear—continued accuracy. 


POWER PLANT 


SPECIALTIES 
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a succeeding pass, all scale and slag 
should be removed. This entails chip- 
ping and wire-brushing thoroughly. 

Q 7—With what type of welding rod 
does slag form? 

A 7—A coated rod. 

Q 8—Is the slag of any advantage? 
If so, why? 

A 8—Yes. It forms an insulating 
blanket over the weld which protects 
it from oxidizing effects of the atmos- 
phere while cooling, and also retards 
cooling. Rapid cooling could, in some 
cases, result in low ductility. 

Q 9—Has a coated rod any advan- 
tage other than forming a slag coating? 

A 9—Yes. The coating forms a blan- 
ket of inert gas around the arc to re- 
tard oxidation by direct contact between 
the molten pool and the atmosphere. 

Q 10—In the welding of a longitu- 
dinal butt seam between two plates, 
what would be the preparatory steps 
up to running the first pass? 

A 10—The edges should be beveled 
to the proper angle. The edges should 
be dry, clean, and free from any oil, 


Plate in position 
for fack- 


Lef"D" ual diameter weldin 
rod for he electric arc 


paint, rust, or other foreign matter. 
The edges should be clamped or other- 
wise held in position, separated from 
each other at the root by about the 
diameter of the welding rod (Fig. 6). 
The seam should be tacked then by 
small welds, about 14-14 in. in length, 
at each end and at about each 18 


Tack- Weld’s 
Aboutevery /2"to/8"on fon 
seams, Closer on light wor: 


inches along the length of the seam, 
Fig. 7. If this is not done, expansion 
and contraction will tend to make the 
seam close up ahead of the first pass. 

Q 1l—In welding a seam in boiler 
plate l-inch thick, what are the three 
major requirements of the weld metal? 

A 11—(a) A tensile strength of at 
least that of the minimum of the range 
of the plate that is being welded. 
(b) A minimum elongation of 20% in 
a 2-in. length. (c) A minimum specific 
gravity of 7.8. That is, a unit volume 


HENSZEY 


BOILER FEED 
REGULATORS 


The Henszey Boiler Feed Regulator con- 
trols boiler water levels continuously and 
accurately under all load conditions! 


These simple, compact, self-contained units 
go right in the feed line and require no ad- 
ditional structural support. They are as easy 
to install as a simple gate or globe valve. 
Once installed and set for operation no 
further attention is necessary — nothing to 
get out of order — nothing to reset. 


Send for latest Bulletin 
containing full details. 


HENSZEY COMPANY 


Dept. D12—Watertown, Wis. 


Of seamless, all metal, parallel 
corrugated, armored construc- 
tion, in various alloys with re- 
newable type fittings approved 
for the conveyance of non-sol- 
ids and non-abrasives in Avia- 
tion, Automotive, Marine, 
Heating, Air Conditioning, 
Mining, Power Generation, 
Plastic and Textile applica- 
tions wherein conditions of 
flexing and expansion between 
delivering and receiving con- 
nections exist. Also available 
for shielding and exhaust 
applications. 


Underwriters’ Laboratories 


METAL HOSE DEPARTMENT 
ECLIPSE AVIATION, BENDIX, N. J. 


DIVISION OF BENDIX AVIATION CORPORATION 
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Through years of planned research and 
development, we have continually im- 
proved the endurance of Roebling ‘Blue 
Center’ Wire Rope. Today, as a re- 


sult, “Blue Center”—Roebling’s highest 
achievement in wire rope manufacture 
—enables you to keep your wire rope 
replacements at an all-time “low. 


There are other important reasons for the 
long life and economy of “Blue Center’’. 
For example—Roebling’s control of 
every manufacturing process from raw 
material to final inspection, and excep- 
tional testing facilities. 


Industrial plants who keep accurate rec- 
ords report that Roebling ‘Blue Center’’ 
gives them lowest rope replacement cost. 
Therefore, we say with assurance—put 


CLOSE CONTROL | Roebling “Blue Center’ to the severest 
OF WIRE ROPE QUALITY \ test—on any of your rope-rigged equip- 


When it comes to making Roebling ‘Blue ment. We are confident of the results! 


Center’’— a wire rope of exceptionally great 
strength and stamina— ordinary production \ 
of the highest order must be exercised. 


methods won't do. Painstaking care and skill 
Typical of this care is the close control of \ 


quality in making Roebling ‘Blue Center’’ \ 
Ne Ne Wire Rope — control from steel production to \ 
40 iil iT THT finished product. \ 
\ \ 


Trenton, N.J. Branches in Principal Cities 


\ JOHN A. ROEBLING'S SONS CO. 


JEBLING "BLUE CENTER”... The Finest of all Roebling Wire Ropes 
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HOW TO PREVENT 


FIRE HAZARDS 


and cut handling costs 
in Coal Storage... 


Move and Pile Your Coal 
with LeTourneau Scrapers 


A LeTourneau Scraper, pulled by 
“Caterpillar” tractor, works any- 
where in your yard or on any part 
of storage pile. Loads directly from 
dock or rail side, hauls and spreads 
from 25 to 200 tons hourly, de- 
pending on scraper size and length 
of haul. Stores coal in thin, even, 
horizontal layers with fines thoroly 
mixed with coarse. Weight of unit 
traveling over coal closely packs 
pile, enables you to store 10 to 30% 
more in same storage area, elimi- 
nates formation of flues. One large 
user* reports no rise in tempera- 
ture even after 18 months of con- 
tinuous storage. Method has been 
thoroly proved by 3 years of use by 
some of country’s largest coal users. 

See for yourself how this money- 
saving LeTourneau method elimi- 
nates fire hazards. Ask your 
LeTourneau-“Caterpillar” dealer to 
show you TODAY... or send the 
coupon below for further details. 
*Name on request. 


LeTourneau Model F Scraper (10 to 12- 
ton capacity) moving and storing coal for 


the Georgia Power Company. One man 
operates both scraper and_ tractor. 
Scraper quickly detached so tractor can 
be used for snow removal, other draw- 
bar work, etc. 


PEORIA, ILLINOIS STOCKTON, CALIFORNIA 


Address Dept. 12P. 
Please send me _ further information about 
LeTourneau coal-handling equipment. 
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of the welding metal shall be 7.8 x 
that of the same unit volume of water. 
As a cubic inch of water weighs 0.036 
lb, the minimum weight of a cubic inch 
of weld metal should be 0.036x % = 
0.28 pounds. 

Q 12—What is the difference between 
a root-break test and a nick-break test? 

A 12—A root-break test is made by 
taking a strip cut across a welded seam 
and supporting it at each end with the 
weld midway between the supports. 
The base of the Vee of the weld is at 
the bottom and pressure is gradually 
applied on the top of the weld. Pres- 
sure is increased until failure occurs. 
while the specimen is bent downward 
between supports, finally opening up ai 
the root of the weld, Fig. 8. 

A nick-break test is made of a simi- 


ROOT BREAK TEST 


Dotted lines show position. 
of specimen at time of failure 


lar strip of plate placed between two 
supports. However, the strip is placed 
so that the Vee of the weld is in a 
horizontal plane instead of in a vertical 
position as in the case of the root-break 


test. Also, a slot is made on each side 


of the weld so that failure will be sure 
to occur at this point. The strip of 
plate is broken through the seam by 


NICK BREAK TEST 


Sudden heavy-., 
blow 
- Face 
9) surface) 
of wel 
Saw slots 
Supports 


applying a sudden heavy, downward 
blow at the slotted or nicked point, Fig. 
9. Both tests are to determine the sound- 
ness, and completeness of fusion of the 
weld. 

Q 13—State a general rule covering 
the application of welding as a repair 
to a steam boiler. 

A 13—Use welding where it will be 
for tightness against leakage and not 
for strength. 

Q 14—What is a stitch weld type of 
plug-weld? Where is it used? 

A 14—It is used for tacking the 


They Hold 


Many types of power plant equip- 
ment are subject to vibration 
or reciprocating motions causing 
nuts to shake loose on founda- 
tions and many other locations as 
These definitely need the 


well. 
protection of 


Reg. U. S. Patent Office 
The Nuts that can't shake loose 


The built-in locking ring is al- 
ways on guard, ready to spring to 


life and grip the nut whenever 


backing-off tendency occurs. “Un- 
shako” Nuts are one-piece con- 
struction. Can be 
removed with an 
ordinary wrench 
over 
and over again as 


Fia. 
1513 


used 


desired. 


complete 


Pat’s. Pend, information. 


STANDARD PRESSED STEEL CO. 


Branches JENKINTOWN, PA. Branches 


Boston Chicago 
Detroit BOX 577 St. Louis 
Indianapolis San necisco 


Send now for 


a 


FOR INDUSTRIAL SILENCING 


. . . high or low pressure steam dis- 
charges, internal combustion engine 
compressor in- 


exhaust or intakes, 
takes, blowers, etc. 


THE MAXIM SILENCER CO. 


Hartford, Conn. 


92 Homestead Ave. 
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BRING 
EXTRA LOAD 


More work from your PRESENT BOILER 


Maybe your boiler is not too small 
for the work you want it to do. 
Perhaps the extra capacity you 
need is being wasted—wasted in 
one of the three ways shown be- 
low. If you find one or all of 
them, you will find extra ca- 
pacity you didn’t know you had. 
Wastes can be: 


1. Steam leaks through the steam traps. These are 
common in old traps, traps that need repair and traps 
that by their nature are always open for steam to 
leak past. Changing to Anderson Super-Silvertop 
traps will save that steam, maybe enough to equal 
the needed capacity. 


2. Carrying higher steam pressures than normal by 
forcing the boiler, in order to get desired temper- 
atures. This is usually due to air in the system caused 
by inefficient trapping. Such air mixes with the steam 
and reduces the effective temperature (that due to 
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steam alone) so that equipment temperature is less 
than it should be. Efficient trapping with Super-Silver- 
tops will remove all air and give the desired temper- 
ature at lower boiler pressure. 


3. A trapless system, where pressure differential is 
too low to produce sufficient steam flow, resulting 
in a low rate of heat transfer. Efficient trapping of 
such a system increases steam flow and heat trans- 
fer so that more work is done with the same boiler. 


If any of the above conditions are present in your 
plant, you can do more work with your present 
boiler by changing to Anderson Super-Silvertop 
steam traps. Write today for complete information 
on efficient trapping— send for your copy of “How 
To Choose a Steam Trap.” 


THE V.D. ANDERSON COMPANY 
1934 West 96th Street * Cleveland, Ohio 


Super-Silvertop 
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HOW DOES YOUR PRINT 
MAKING EQUIPMENT 
COMPARE WITH THE 


NEW OZALID MODEL 


CHECK 
FEATURE 
BY 

FEATURE 


OZALID MODEL 


Is it a single, self-con- 
tained unit? 


6) Can you save by use 
of cut sheets? 


Lowest priced for its 
production class? 


7) Are prints dry-devel- 
oped & true-to-scale? 
® Will it produce posi- 


tive type, easy-to- 
read prints? 


Does design enable 


duction? 


Can you make dry- 
developed transpar- 
ent duplicates for 
short cuts in drafting? 


one operator to 
Q) handle capacity pro- 


OZALIDS EXHIBIT 


POWER SHOW 
BOOTH NO. 245 


SEND FOR MODEL “F’’ CIRCULAR 


OZALID Propbucts DIVISION 


GENERAL ANILINE & FILM CORPORATION 


JOHNSON CITY, N. Y. 


OZALID IN CANADA -HUGHES OWENS CO. LTD., MONTREAL 
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edges of a cylinder in position for braz- 
ing or lap welding. A series of holes 
drilled in the outer lap of the plate are 
filled with welding so as to fuse through 
into the inner lap, Fig. 10. 


Stitching by 
plug welds. 


Lap weld 
or 
braze 

this 4 
véam 


Operating Shorts 


Detachable Ladder 
Promotes Safety 


SERVICE TRUCKS for maintenance gangs 
frequently must transport material 
which overhangs the rear of the truck, 
preventing the attachment there of 
means for the men to get on and off 
the truck. One company solves the 
problem by using a detachable ladder 
with built-on hand rails (see photo). 
The inner ends of the handrails extend 
down through holes in the 10-in. pipe 
forming the end of the truck platform. 
When it is desired to have unobstructed 
use of the entire truck floor, the ladder 
may be removed simply by lifting high 
enough to disengage it from the pipe. 
As another safety measure an_ in- 
verted Vee-notch was cut in the pipe, 


OF PULSATION 
IMPROVES COMBUSTION 


The De Laval-IMO pump favors better 
combustion by delivering oil to burners 
uniformly. Its action is like that of a 
continuously acting piston. There are 
no valves and no reciprocating parts, 
nor do the rotors trap oil. The moving 
members (3) are in perfect rotational 
balance. 

The two geared turbine driven IMO 
pumps here shown each supplies 90 
g.p.m. of Bunker C against 250 Ib. 
pressure to burners on 24-hour service 
in a central station. 

De Laval-IMO pumps are available 
in all sizes and for all pressures and 
to handle any grade of oil, from light 
Diesel to heavy Bunker C. 

Ask for Publication 1-65. 


IMO PUMP DIVISION 
of the 
DeLaval Steam Turbine Co. 
Trenton, N. J. 


| MOVE OIL 


SOFTENING 


1 PROCESS AMERICAN 


Ho 


SEND for THIS 
BULLETIN TODAY! 


It gives a complete story of the 
modern way to treat Boiler Feed 
Water. 


You will be interested in the 
trouble free... no orifices... 
cannot clog . . . Chemical Feed 
and Proportioning Equipment. 


Send for your copy of Bulletin 
No. 


The AMERICAN WATER 
SOFTENER COMPANY 


WATER REFINING EQUIPMENT HEADQUARTERS 


INDUSTRIAL PROCESS * RAILROAD MUNICIPAL 
HOUSEHOLD, ETC. 


322 LEHIGH AVE., PHILA., PA 
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LTIPE REDLER 


Only S-A Offers You Your Choice Of 
Our Exclusive REDLER Design, Belt 
Conveyors, Bucket Elevators, Screw 
Conveyors, Pivoted Buckets, And 
Gravity Discharge Conveyors .... . 


HORIZONTAL REDLER CONVEYOR 
ABOVE COAL BINS 


In addition to conventional Material Handling units, CONVENOR” ELEVA | 
S-A is equipped to offer you popular REDLER Con- TRACK | I | ween! 
veyor-Elevators with their en masse principle of HOPPER \ iM 


\ 


moving materials in their own bulk. 
The rapidly increasing use of REDLERS in power 
plants of today is occasioned by: 
1. Their enclosed construction. 
2. The ability of one unit both to convey and elevate. 
3. Their elimination of Feeders. 
4. Their needing only 14 to 14 the usual space. 
5. Their ease in discharging through multiple 
openings in the casing. 
Check up on REDLERS and other S-A equipment; 
FIND OUT HOW TO HANDLE YOUR COAL AND MIXER 
ASH AT THE LOWEST POSSIBLE COST PER TON. E 


\ REDLER 


TYPICAL REDLER POWER PLANT USERS 


Consolidated Edison Co. The Duluth Steam Corp. BINS 
of New York, Inc. Reiss Steamship Co. 

Central Illinois Light Co. Abbott Laboratories 

Gisholt Machine Co. Great Northern Railroad 


FIND OUT HOW REDLERS CAN CUT YOUR COAL HORIZONTAL CLOSED CIRCUIT 
HANDLING COSTS — REDLER CONVEYOR 


Every power plant engineer 
should have new REDLER 


J FLY ASH HANDLED WITHOUT DUST IN COLLECTING REDLER 
Handbook 140. Shows how 
each type operates, gives 


dimensions, horsepower data, STE by 


and installation illustrations. MANUFACTURING C mi pa n 
Send for your copy now! i 
 § Ridgeway Ave. 
los Angeles, Cal. AURORA, ILL. Belleville. 0 
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NO DUST, NO FEEDERS, NO TRANSFERRING... = 

SNS | 

2S FORM THIS COAL HANDLING SYSTEM ~ 

i “UT COSTS LESS PER TON THE WAYS 
Qnueying Eslwaling Streening Thanwmision Equpment 

940 | 


002" 


Theassembly mechanic 
knows his LAMINUM shims. 
Each .002 or .003 inch brass 

lamination he peels, leaves a 
smooth, hard surface; a uni- 
form thickness. Quick preci- 
sion adjustment —at the job! 
Machine manufacturers profit 
by LAMINUM cost-cutting of 
assembly or repair. Aircraft 
too! @ We cut shims to order. 
Stock shim materials obtain- 


able from mill supply dealers. 


Laminated Shim Co., Inc. 
61 Union St., Glenbrook, Conn. 


Write for file - folder of shim applica- 
tion photos —with Laminum sample. 


THE SOLID SHIM THAT 


A-1146 
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ADJUSTMERT 


into which the hook at the end of the 
winch line may be inserted as at A. 
Now the chain can be hooked in plain 
view, instead of hooking it to the 
underpinning of the frame, with danger 
of hand injury when the driver tight- 
ens the hook into place. 


Houston, Texas M T Pate 


Paint Detects 
High Temperatures 


THE ANSWERS TO THE QUESTION on hot- 
bearing alarms in October Power re- 
minds me of a paint I have used for this 
purpose. First, I thoroughly mix in a 
mortar 380 grams of 85% copper mer- 
curic iodide with 910 grams of 15% 
double iodide of silver and mercury 
with sufficient water to form a paste. 
When thoroughly mixed, the paste is 
dried and then ground to a very fine 
powder. This powder should be washed 
to remove any soluble impurities as 
these tend to retard the color change 
of the paint. 

To put the powder in a form for ap- 
plying to the bearings, mix it with a 
colorless varnish medium that will stand 
a fairly high temperature. I use a good 
white shellac varnish such as used on 
electrical-machinery insulation. For 
high temperatures use 100 grams of 
the powder in 70 cc of shellac varnish. 

To apply the mixture first paint a 
white circle on the bearing housing, 
using a zinc white paint. Then, with the 
temperature-detector varnish make a 
bull’s-eye on the white background, at 
the point where the temperature will 
be the highest. To protect the bull’s- 
eye give it a coat of colorless oil-proof 
varnish. The bull’s-eye has a vivid red 
color until the temperature reaches 
about 160 F. when it changes to black. 
I have found this method of tempera- 
ture detection reliable and it gives a 
danger signal well in advance of im- 
pending trouble. 


Johannesburg, S Africa H Doucuty 


A Useful Fact 


EVERY PRACTICAL ENGINEER carries a 
few convenient facts and figures in the 
back of his head, like this one: One 
square foot of steel plate, %4-in. thick 
weighs 10 lb, Fig. 1. 

This is mighty easy to remember, 
and very helpful to the engineer making 
off-hand estimates as he walks around 
his plant—for example, estimates of 
the weight of metal in tanks and similar 
equipment. The engineer takes a quick 


HERCULES 


Seamless Copper 


FLOATS 


GUARANTEED 
TO STAND UP! 


Every Hercules Float carries our guaran- 
tee to stand up under 350 Ibs. working 
pressure and 500 degrees temperature. 
Fabricated of seamless copper under our 
special spinning process. Hercules Floats 
are uniform in thickness and high in 
mechanical strength. 

You can depend on Hercules for floats— 
in standard shapes up to 10 in. and in 
special types to your specifications—to 
give long, dependable, economical 
service. 

Insure care-free maintenance of water 
level in your heaters, tanks, reservoirs 
and other equipment by specifying 
‘‘HERCULES.”’ 


HERCULES FLOAT WORKS 


Franklin St. 
SPRINGFIELD, MASS 


MAKE YOUR 


OVERHEAD VALVES SAFE 
and EASY TO REACH — 


With Babbitt Sprocket Rims on 
your overhead valves, you can 
control valves instantly from 
the floor. Far quicker and 
safer than climbing ladders. 
Babbitt Rims are easily at- 
tached in a few minutes, are 
inexpensive and assure safe, 
sitive and instantaneous over- 
ead valve operation. Avail- 
able for valves of every make 
or style. Write for details. 


BABBITT STEAM 


SPECIALTY CO. 
New Bedford 


CONTROL VALVES 
FROM THE FLOOR 
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OIL 


is the MOST STABLE TURBINE 
OIL we’ve ever used”’,.. 


says Power Plant Engineer 


GULF PERIODIC CONSULTATION SERV- 
ICE plays on important part in the operation 
of this large modern Power Plant. 


“It stays in better condition and lasts 
longer than ordinary Turbine Oil.” 


“ ULFCREST Oil shows far less deterioration than any turbine 

oil we’ve ever used,” says this Power Plant Engineer. “The 

remarkable stability of this turbine oil gives us complete assurance 
of high efficiency of our turbine lubrication.” 

The performance records of Gulfcrest Oil in turbine systems of 
many of the leading power plants in the country are unparalleled. 
Read the four reasons (at the right) why Gulfcrest is the finest 
turbine oil you can buy! 

Call in a Gulf engineer and ask him to give you the complete 
story of Gulfcrest—ask him to explain how GULF PERIODIC 
CONSULTATION SERVICE will help you maintain greater lubri- 
cation efficiency. Write or phone your nearest Gulf office today. 


This booklet will suggest to you a prac- 
tical method by which you can reduce 
Operating and maintenance costs for 
your equipment. Write for your free copy. 


P)WER, December, 1940 


1 Refined by the ALCHLOR Process. The most thor- 

ough and effective method forremoving chemically 
active hydrocarbons as well as the general run of im- 
purities present in all crudes. 


2 Highest resistance to oxidation. This famous 
* ALCHLOR Process synthesizes and rearranges the 
molecular structure of certain hydrocarbons, resulting 
in a finished product of greater stability. GULFCREST 
OIL stands alone in its high resistance to oxidation. 


3 Highest resistance to acidity and sludge. Because of 
® the elimination of oxidation catalysts in addition 
tothe unparalleledrefining power of theAlchlorProcess, 
these oils form less gum deposits, less emulsion and 
sludge, when mixed with water over a period of several 
years continuous operation, than any other turbine 
oil of which we have record. 


4 Highest kilowatt-hour performance. Because Alchlor 

® not only makes possible an oil more thoroughly 
refined and homogeneous but also creates anti-oxi- 
dants, these oils have great resistance to deteriorating 
influences and are longer lived. Less make-up oil is 
required. 


| 
Gulf Oil Corporation - Gulf Refining Company | 
3813 Gulf Building, Pittsburgh, Pa. ie 

Please send me my copy — no charge — of the booklet 

“GULF PERIODIC CONSULTATION SERVICE.” | 
Name. wits | 
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of bolts 
and 
pins 


HEAVY DUTY BUCKET TRAP 


Rotating Large cast- 
Cylindrical iron bucket 
Multiport holds valve 
alve tightly toseat 
Gives until water 
Large overflows 
Discharge rim, opening 
valve wide. 


For handling drainage of low- 
pressure separators or other 
apparatus where large dis- 
charge capacity is required. 


MULTIPORT DRAIN REGULATOR 


Continuous discharge is main- 
tained by height of condensate 
in body. Valve shuts off dis- 
charge when condensate falls to 
normal level. Tremendous dis- 
charge capacity. : 


No Prime 
Required 
No Loss 
of Steam 


DISCHARGER 
For removing large quantities of 
condensate under high pressure 
(150 to 2000 lb./sq. in. or higher) 
from heaters, purifiers, coils, etc. 


— 
| Cochrane Corp., 3106 N. 17th St., Phila., Pa. 

Please send me copies of your Publications I 
| on Condensate Drainage. ] 


Name 


Firm 
Address 


| 
LCity State | 
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look, say, at a tank 10 ft in diameter 
and 20 ft long, made of %-in. plate. 
Obviously the %-in. plate will weigh 
15 lb per sq ft if the 14-in. plate 
weighs 10 lb. A 10 ft diameter tank 
will be about 30 ft around, so the 
area of the curved surface (about 20 
ft long) would run about 600 sq ft. 
Each end of a 10-ft tank will have about 
80 sq ft. Adding these up, we get 


Weigh - 10 Ib 


thick 


Weight-10 lb 


about 760 sq ft. At 15 lb per sq ft, 
this will amount to about 11,000 lb of 
steel, from which a rough estimate of 
the cost of materials can quickly be 
made. 

If the 14-in. plate weighs 10 Ib, it 
is obvious that 14-in. weighs 5 lb, #-in. 
71% |b, 3@-in. 15 lb, 4% in. 20 Ib, 5%-in. 
25 lb, and so on. For all commercial 
grades of steel, these are correct 
within 2%. 

Here’s another way to state the rule: 
A 1-in. square rod of steel, 1 yard long, 
weighs 10 lb, Fig. 2. 


New York, N. Y. 


Josepn GisH 


Stoker Sales Up 


Factory sales of mechanical coal 
stokers of all sizes and types show an 
increase of slightly over 50% for the 
first nine months of this year as com- 
pared to the same period in 1939, and 
65144% increase in sales over the cor- 
responding months of 1938, according 
to figures just released by the U. S. 
Dept of Commerce based on reports 
supplied to the Government by 107 
manufacturers. Sales for this year to 
date (Oct. 1, 1940) were 109,042 
stokers, exceeding by 5000 units the 
total sales for all of 1939. 

Sales in September of this year broke 
all existing records for sales in any 
previous month in the history of the 
stoker industry. Sales reached 31,337 
units as compared with 20,600 in the 
same month of 1939, an _ increase 
of 52%. 

Sales of Class 1 stokers (less than 
60 lb of coal per hr) for residential and 
small commercial heating purposes , in 
1940 (January-September, inclusive) 
totaled 97,657 units, or nearly 90% of 
total unit sales. 


SAND-BANUM 


BORER 


“The Entirely Dif- 
ferent Boiler and 
Engine Treatment” 


SAND-BANUM Users in many industries 
know the purchase of Sand-Banum is 


not expense but investment: “Plus 
Power—Minus Cost’’. 
It actually costs nothing to use 


Sand-Banum because of saving in fuel, 
power and money through elimination 
and prevention of wasteful scale and 
corrosion. 


TODAY write for trial offer details. 


AMERICAN SAND-BANUM CO., Inc. 


9 Rockefeller Plaza New York City. 


When you need grates 


Specify BATES 


FOR LONG-TIME ECONOMY 


FILLET WELD 


BATESGRATES 


—One Piece Construction 


Each intersection, and consequently, 
each complete panel of Batesgrates, 
is strictly one piece. Non-slip, sharp 
top edge, self cleaning cross bars like 
the ridge of a roof. No cracks, joints, 
or acute angles. No grooves to hold 
grease and dirt and create slippery 
spots. Batesgrates are an engineered 
assembly of bars—all bars work. 


Write for engineering Catalog No. 937. 


WALTER BATES COMPANY 


208 S. LaSalle St. Chicago, Ill. 
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No. 5 in a Series of 
True Power Cost 
Savings 


YOUR 
ATTENTION, 
PLEASE! 


Unit: Troy-Engberg Steam Engine Driving 
Refrigeration Compressor 


Location: Penn-Harris Hotel, Harrisburg, Pa. 
Installed Cost (Including all carrying charges) ava $978.00 
Annual Savings over Motor...... . $1930.83 


That, in a nutshell, is the story of a modern drive saving the user a lot 
of money each year! 


Why not at least investigate the merits of this engine as the drive for 
equipment in your plant . . . as the drive for that stoker, pump, fan, 
blower, dryer, compressor, generator, cooker? 


If conditions are right, you will save considerably over any other type of 
drive. In addition you will be getting a power unit with excellent drive 
characteristics and 100% dependability. Speaking of that, here’s the way 
a user in Winnipeg recently expressed it: 


“This unit (a 11”x10” Troy Engine driving a gas pump) was installed 
about eleven years ago and has run continuously for 24 hours per day 
except when stopped for short periods for minor adjustments, for repack- 
ing piston rod and valve rod stuffing boxes, and for changing oil.” 


Again we suggest: investigate the merits of this modern. steam engine for 
your requirements. Start by sending for descriptive literature. 


TROY ENGINE & MACHINE CO. 


Established 1870 
1468 RAILROAD AVE., TROY, PA. 


POWER, December, 1940 


175 


| 
~ 
% 
< 
| 
| 
| | 
| 
= 


From a cracked 


machine casting 
to a loose tool handle 


so 
26 


c | 


dozens 

of plant 
repairs 

can be made 

with SMOOTH-ON 


The money-saving uses of Smooth- 
On are almost endless. This many- 
purpose iron repair cement will 
seal cracks in casings of boilers, 
heaters, pumps, valves, piping and 
machinery parts, will stop leaks at 
pipe connections, seams, bolts, 
rivets, screws, etc., and will tighten 
loose fixtures and parts of equip- 
ment all over the plant. 


Smeooth-On has been doing these 
jobs successfully for 45 years, as 
thousands of engineers can testify. 
It is easy to apply, requires no heat. 
special tools, nor previous experi- 
ence, hardens quickly, becomes 
stronger with age, and makes a 


lasting repair. 
40-Page 


FREE 


Every engineer should have a copy 
of this useful repair manual, with 
170 diagrams and simple instruc- 
tions for ingenious, practical short- 
cuts in emergency repairs and 
routine maintenance jobs. Your 
copy sent free if you mail the 
coupon. 

Buy Smooth-On No. 1 in -1-lb., 
5-lb. cans or 25-lb., 100-lb. kegs 
from your supply house or if 
necessary, from us. For your pro- 
tection, insist on Smooth-On— 
used by engineers since 1895. 


SMOOTH-ON 


SMOOTH-ON MFG. CO., Dept. 30 
570 Communipaw Ave., Jersey City, N. J. 


Please send SMOOTH-ON HANDBOOK. 


Do it wilh 


SMOOTH-ON 
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$200,000 Research Program 
for Bituminous Industry 


Bituminous Coal Research, Inc, the 
research agency of the bituminous coal 
industry sponsored by the National 
Coal Association, announced in Novem- 
ber the inauguration of a $200,000 pro- 
gram of research aimed to advance the 
competitive position of coal by the de- 
velopment of better equipment for its 
use in home and industry. Following 
the plan adopted in the previous three 
and one-half year program of the cor- 
poration, Howard N Eavenson, presi- 
dent, has completed arrangements with 
Clyde E Williams, Director, Battelle 
Memorial Institute, to carry on the 
program at Battelle. 

The broad program of research will 
include studies of methods by which 
close control of heating and smokeless 
operation may be combined with the 
natural advantage of coal as a low-cost 
source of energy. The direct application 
of coal as a fuel for metallurgical and 
ceramic furnaces, methods for the com- 
plete gasification of coal for industrial 
and residential use, and the direct con- 
version to mechanical energy through 
the use of coal in a new type of internal- 
combustion engine are among the 
many problems that will be subjected 
to attack. 

That the many thousands of low-cost 
homes of the country may have cooking 
and heating stoves that are smokeless 
and require the minimum of attention, 
the kitchen ranges and space heaters 
will occupy a prominent place in the 
program. In line with the previous pro- 
gram, residential stokers and coals for 
use on them will be the subject of 
investigation. 

Further research on materials for the 
dustproofing of coals, with particular 
attention to those porous coals, now dif- 
ficult to treat economically, is expected 
to broaden the distribution of clean-to- 
handle coal. 

Financed jointly by the coal pro- 
ducers’ associations, by individual 
producers, and by the coal-carrying 
railroads, the program is set up for a 
minimum period of three years. With 
approximately 25% of the country’s 
coal tonnage already enlisted. parti- 
cipation in the movement is open to all 
interested in the advancement of the 
interests of bituminous coal. E R 
Kaiser, assistant to the president, who 
was active in obtaining the support of 
the producers and the railroads, will 
continue his efforts to enlarge the scope 
of the program to a size that will be 
commensurate with the importance of 
the bituminous industry. 
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Combining clamp block and pil- 
low block requirements in one 
type, the “Standco” shown above 
is sturdily built and is offered in 
a wide range of sizes. Babbitted 
bearing surfaces are finished beau- 
tifully smooth, both faces ma- 
chined. It can be depended on for 
long, trouble-free service. 


“Standco” Ball and 
Socket Pillow 
Block, Ring or 
Wick Oiling, Plain 
or Collar End Bab- 
bitted Bearings. 


Fig. 32 
Write for Bulletin 


PRESSED STEEL CO. 
JENKINTOWN, PENNA 


Boston Chicago 
Detroit Box 577 St. Louis 
Indianapolis San Francisco 


On display at 
THE POWER SHOW... 


THE NUT that can’t be 


loosened by vibration 


Resilient non-metallic lock- 
ing collar automatically 
eliminates thread play and 
holds thread surfaces in 
constant pressure-contact. 


e Write for folder 


ELASTIC STOP NUT CORPORATION 
2346B VAUXHALL ROAD + UNION, NEW JERSEY 


Clastic ft p SELF-LOCKING 


NUTS 


POWER, December, 1940 


SMOOTH-ON 
L| = 
“Ns 
instan’ 
@ 
air spi 
less p 
"lower 
AY 
CEMENTS bankit 
Motor Car nd Boat, cir supe 
Home, Factory= on the 
‘Power Plant | In the 
distinet 
teined— 
pieces 
ng the 
tion, ec 
Separat 


REVOLUTIONIZI 
COAL BURNING 


The Multiple FYR-FEEDER Stoker has changed complicated boiler firing to 
simplicity itself. Exclusive, proved, efficient features—few working parts, 
all slow-moving—most effective, dependable design—new economy that 
materially cuts former coal burning costs. 


Here's how each FYR-FEEDER unit works.—The coal is drawn mechani- 

. cally from a large hopper to inclines inside the furnace. The coal then 
rolls down these inclines into air streams under light pressure. Thus, coal 
is "air-cleaned" and coal dust is "sprayed" and instantly burned in suspen- 
sion by the air which sprays it. The balance of the cn is spread along 
the length of the forced draft grate according to weight-size of each piece. 


Fire cleaning is easy and takes only a few minutes. FYR-FEEDER Stokers 
are always built with two or more individually-controlled FYR-FEEDER 
Spray-Spred units so that coal feeding on one side of the grate can 
be stopped, permitting the coal on that side to burn out completely 
before cleaning or dumping the ashes from that side of the grate. While 
cleaning fires on one side, the feeders on the other side are SPRAY- 
SPREDing coal to maintain steam pressure. 


Spray-Spred capacity of each unit varies according to size and speed 
and will deliver and Spray-Spred coal up to as much as 500 developed 
horsepower per unit. Thus, 10 FYR-FEEDER units can be supplied to handle 
a 5000 horsepower load. Grates may be Stationary, Dumping or Chain 
Grates (where continuous ash removal is wanted). FYR-FEEDERS may 

be set directly over fire doors or as much as 10 feet or more 
above grates. 


| aitiaaition SIM PL] C ITY Learn what the Multiple FYR-FEEDER'S simplicity and most 


natural mae of firing coal will do for you. Many hundreds of these 

gives you many benefits FYR-FEEDER Spray-Spred units are proving daily that the best 
lestent alien on and simplest way to fire any boiler efficiently is to fire coal by 
SPRAY-SPREDing it over a forced draft fire on a grate. 


less power to operate AMERICAN COAL BURNER COMPANY 
‘lower maintenance costs 155 E. Superior St., Chicago, Ill. 

reduced steam costs Builders of Over-feed Stokers for Over 22 Years 
burns lowest price coal and smallest sizes a 

fires cleaned quicker 
banking. losses reduced 


"readily adaptable to various 
types of boilers 


IR-CLEANING all of the coal, in- 
ide the furnace, insures a freer 
it supply to the coal being burned 
on the grates. 


lh the FYR-FEEDER furnace, two 
distinct combustion zones are main- 
ttined—one for burning the larger 
pieces of coal, and one for burn- 
ing the fines and dust in suspen- 
tion, each with its own individual, 
‘eparately-controlled air supply. 


MULTIPLE 
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YAR WAY 


GUN-PAKT 
EXPANSION 


Big Automobile Company 
Uses 67 Yarway Joints 


First purchased 3 years ago. Reordered 


7 times to present total of 67 Yarway 
Gun-Pakt Joints, ranging in size from 
3 in. to 14 in. 

Why don't you select the Expansion 
Joint that is packed under full steam 
pressure. A twist of a wrench forces 
a special semi-plastic packing into the 
stuffing box by means of integral pres- 
sure guns. No need to remove old pack- 
ing. New packing rejuvenates the old. 
No need to shut off steam. Write for 
Catalog EJ-1907. 


YARNALL-WARING CO. 


100 Mermaid Ave., Phila., Pa. 
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A technical committee of fuel engi- 
neers representing the companies par- 
ticipating in the program will cooperate 
with the laboratory in the progress of 
the work. A smaller advisory group will 
meet with the research staff at frequent 
intervals to discuss the latest develop- 
ments and to steer the program. At 
Battelle, Ralph A Sherman, supervisor 
of the fuels division, will direct the 
work. 

As results are obtained, they will 
be quickly made available to the sup- 
porters of the program through reports 
and bulletins. Bituminous Coal Re- 
search, Inc, also plans to be of service 
to the members by consultation on 
specific problems, by the dissemination 
of information in the current literature, 
and by coordination of research on coal 
in all parts of the country. 

The present program marks the re- 
sumption of a previous program of three 
and one-half years by Bituminous Coal 
Research, Inc. In that program, the 
major part of which was likewise car- 
ried on at Battelle, research on the 
problem of the selection and prepara- 
tion of coal for residential underfeed 
stokers, on the dustproofing of coal 
with oil, on the relative economies of 
house heating with various fuels, on 
the segregation of coal in industrial 
power-plant bunkers, on the utilization 
of coal in pulverized form in steam 
plants, on the use of coal for the dehy- 
dration of hay, and on the possibilities 
of research in the gasification of coal 
developed information that has ma- 
terially aided the bituminous coal and 
allied industries. With more adequate 
support from all concerned, the present 
program is expected to be of even 
greater service. 

C A Reed, engineering director, Na- 
tional Coal Association, is secretary of 
Bituminous Coal Research, Inc, with 
offices at 803 Southern Building, Wash- 


ington, D. C., where M L Garvey, 
treasurer, and J F Hanley, assistant 
secretary-treasurer, also have their 
offices. 

In addition to these officers in Wash- 
ington, and Messrs Eavenson and 
Kaiser, officers of the corporation in- 
clude: vice-presidents: R H Sherwood, 
Central Indiana Coal Company, Indi- 
anapolis, Indiana; L W Householder, 
Rochester and Pittsburgh Coal Com- 
pany, Indiana, Pennsylvania; and James 
W. Carter, Carter Coal Company, New 
York, New York. 


Globe Valve Does 


Reducing Service 


THE PHOTO sHOWS how a temporary 
primary reducing valve was made from 
an old globe valve for use on a high- 
pressure 2-in. gas line. A standard low- 
pressure reducing valve beyond the one 
shown made the final reduction and de- 
livered the gas at a constant-pressure to 
an engine. 

Before installing the valve, the 
threads were turned off its stem so that 
it would slide easily through the pack- 
ing. On top of the stem we welded a 
U-shaped clip for the regulating lever. 
One end of the lever connects to the 
pipe and the other carries a weight to 
close the valve against line pressure, 
under its seat. Position of the weight 
on the lever determines the pressure on 
the down stream side of the valve. 
Pressure on the packing is adjusted so 
as not to cause sufficient friction to in- 
terfere with the valve’s operation. 

Needless to say, this type of regula- 
tor is not very accurate but did serve 
in an emergency until something better 
could be obtained. 


Alhambra, Calif. G. M. Witson 
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One of a number of Link-Belt 
TWIST-Type Silverlink Roller 
Chain drives in a western mill. The 
unique construction of this chain 
provides freedom for axial twist, yet 
maintains complete bearing for the 
pin in the direction in which it is 
required to carry its normal load. 
This featurecompensates for changes 
in alignment of the drive. 


e Design and mill engineers alike recognize the value of Silverlink’s 
accurately finished, all-steel construction, built to the highest standards 
of precision . . . that it combines great strength with comparatively 
light weight .. . that it is extremely flexible, assures smooth operation, 
and is especially capable of withstanding severe shocks . . . that it 
minimizes wear and repair. They recognize, too, the value of Link-Belt 
engineering service in working out problems in connection with the 
use of roller chains for conveying and power transmitting. 

Complete drives—chains and sprockets—from 4 to 225 H.P., in speed ratios 1:1 


up to 8:1 are stocked by distributors throughout the country. Send for Stock 
List No. P-1557. 


LINK-BELT COMPANY 


The Leading Manufacturer of Positive Power Transmitting Equipment 
INDIANAPOLIS ee PHILADELPHIA ATLANTA DALLAS 
AN FRANCISCO TORONTO 
Branch pe. warehouses and distributors in principal cities. 8273C 


Handling bottles is typical of the many Uniform, accurate movement of this 
ways in which Silverlink roller chains series of rolls for handling roofing ma- 
with various attachments, speed the terial were requirements here—Link- 
handling of small units, cans, jars, Belt Silverlink Roller Chain being the 
glassware, boxes, etc. ideal solution for efficient performance 

and low maintenance. 


SINGLE, DOUBLE, TRIPLE, QUADRUPLE AND GREATER WIDTHS — 


Connecting and coupler links, 1 and 2-pitch offset 
links, and roller links can be furnished to fit all 
types of single and multiple width roller chains. 
Available in detachable cotter pin, spring clip, or 
Fit) Link and Coup. ‘iveted type, depending upon the size of chain 
and service requirements. 


Connecting (Tight- 
ler (Slip-Fit) Link. 


Offset Link 
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Path of gases 

through slag screen, 

across large tubes and 

superheater in first pass, 

and smaller tubes in the sec- 
ond and third passes. 
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Thirty-two industrial companies and subsidi- 
aries who bought B&W Integral-Furnace Boilers 
have ordered additional units of the same type. 
The reorders exceed the total of the original 
purchases by 54 per cent. 
The initial orders were placed on faith in 
B&W engineering and ability and willingness to 
make every unit perform as expected. 
repeat order was founded on the owner's ex- 
perience with the Integral-Furnace Boiler itself, 
a unit that has demonstrated its ability to meet 
the ultimate test—satisfactory performance. 
Owners of these modern B&W Boilers (more 
than 275 are in service) know that, all costs in- 
cluded, the B&W Integral-Furnace Boiler pro- 
duces the most steam per dollar. 
For detailed description of B&W Integral- 
Furnace Boilers, ask for Bulletin G-!7-A. 


THE BABCOCK & WILCOX COMPANY 
85 Liberty Street 


B&W Integral-Furnace Boiler, a modern, complete unit adaptable to small 
plants as well as to those of moderate size. 


BABCOCK 
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STEAM ENGINES 


MECHANICAL DRIVE TURBINE 
STRAINERS FEED-WATER HEATER 


- 


SEPARATORS DEAERATING HEATER 


STEAM JET EJECTOR 


GREASE EXTRACTORS BLOWER 


TUBE CLEANER 
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~~ profitable power 


To be truly profitable to its users, power equip- 


= ment must combine both reliability and economy. 
Which is not always easy. 


For a piece of equipment can be reliable with- 
out being economical. It can be economical (while 


it runs) without being reliable. Combining both 
D A - re AT 0 * S factors is a test of character. 


This is a test which Elliott equipment must—and 
does—pass. In order that its manufacture be prof- 
itable for us, its operation must be profitable for 
you. Thus our individual interests are identical, 
and insure complete satisfaction whether they 
affect a large turbine-generator and condenser 
unit, or a 12-inch tube cleaner. 


Complete data on all Elliott 
equipment, in separate bulletins, 
is available at request. Engineer- 
ing cooperation offered in all 
specific problems. 


ELLIOTT COMPANY 


WORKS: 
JEANNETTE RIDGWAY SPRINGFIELD 
PA. PA. OHIO 


DISTRICT OFFICES IN PRINCIPAL CITIES 


poe 
| 
| 
| 
| & 
| 
| ~ 
| 
| 
| 
| 
i 
| 
| 
| 
| 
ath, 
a 
HEN 
. 
tise 
| 
aoe 
| 
eee if 
- 
j 
Q-1074 
| 


s, ope 1 GM 
Central Ne Co Somerset, Mae i 1 BW 
Public Beewion Vive & Gan New York, Waterside 478 2 72 ag 38 
soe TO 999 LH Milwaukee Wis 1 far 
Obie Bad won Co Mobile, Ala BW 35 4.6 : 
Central ‘ower Co Lauderdale, Fla. -- 1 RS 23.3 & 4 
Marion Reserve Power Co Cleveland, Obie 300 BW 27, 29 1258 
see TC Light Co Toledo, Ohie Acme 40 1 
Pomee Co Weshington, D.C pusserd atone & 5 250 Sh 4 ty 86 4 pd 
tvake Water Powe Putas tows Water Street. 7 we 4% 29.6 13 
National SA Co... .. & landy » 2 5 BW 
400 TC in, Powerte Sargent & Lan’ 7) 23. 
Juqueane I t 25.7 
ar Choed. is bp 26.2 i 
Ratow Fabia Pwr Lt Co. Scotts Bluff ‘Neb. 
Bouthern we Co ian ie. Ind 
Appalachian Ce Haven, Conn... 
Il. Elec & wr Co Corpus Chriat), Tex 6 
orthweatern P. Gar Co _.. Kenovs, W. Va K 42 
Virginia Publ neCo City Mo 
K ublic Service Char 
eyatone Putt tee Co lottetown, P.E.I 4 
Oi City, Ps 24 6 40 
$ 
43 
i 
1 
i 
i 
i 


Houston 
& Power Co 
» Gas & Elec Corp. 
mghkeepsie, N Y 


publish 
ed by 


POWER 
Mid-December 1940 


< 
| 
| | 
; | 
| 
| 
; 
| 
| 
f 
| 
i 
| 
| . 
| 
- 


ge: 


a 


Diamond. G9B Soot Blower—one of 
many types of Diamond Blowers. 
Diamond, with more than 80% of the 
business, hence more than 80%. of 
the experience, is in best position to 


tackle any job of soot cleaning, or 
slag removal. 


POWER e Mid-December, 1940 


“37 1 M 4. . > . ig 4 | 
| TY CORP., Detroit, Mich. me 
9 


Copes Type SS-2 Differential Valve installed ahead of a Copes 
Flowmatic Regulator Valve in boiler feed water line to 410 
pounds 625° F. boiler at Jacob Ruppert Brewery, New York. 
Diagram at right shows position of ‘‘S’? Monel piston and seat 


rings, ulustrated in close-up below it. 


Boiler feed water at high pressure and tem- 
perature fails to make this regulator “loosen up” 


Hor Freep WATER surging through re- 
stricted orifices is hard on the average 
metal. Severe erosive and corrosive 
action soon cause wear and leakage. 
But not in this feed water regulator at 
the Jacob Ruppert Brewery, New York, 
N. Y. Here’s why: 


In all Copes regulators, made by 
Northern Equipment Co., Erie, Pa., 
“S” Monel is standard for pistons and 
rings. That means a pressure-tight fit 
maintained over long periods of time. 
For “S” Monel offers stout resistance to 


MONEL 


corrosion plus extreme hardness and 
non-galling properties. 


Many makers of power plant equip- 
ment now use “S” Monel for valve 
trim and other such parts. Readily ma- 
chined to a smooth finish, “S” Monel 
resists erosion, corrosion and wear, re- 
tains its strength and hardness at high 
temperatures, and is also non-galling. 

Write for information on “S” Monel 
and other Nickel-base alloys. Address: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York, N. Y. 


“Monel” is a registered trade-mark of The 
International Nickel Company, Inc., which is 
applied to a nickel alloy containing approxi- 
mately two-thirds nickel and one third copper. 
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Here is one of the eight 22 hp Vari-Pitch 
Speed Changers on the job at Grand Coulee 
Dam. Working with Allis-Chalmers motors 
and starters, these Speed Changers operate 
Take-type sand classifiers, providing low- 
cost speed variations to suit changing needs. 


“YES! Saves Time! You 


can save valuable production 
time by using the new Vari- 
Pitch Speed Changer ... no 
stopping production while 
making necessary’ speed 
changes . . . no time-wasting 
change-overs! Get the speed 
you want... instantaneously 
... by turning the hand wheel. 
Or if you desire, electrical fin- 
gertip control is provided...a 
flick of the switch gives you 
extra-fast speed changes! 


YES! Saves Power! The 
Allis-Chalmers Vari-Pitch 
Speed Changer is a power- 
saver! Tests under load show 
amazingly high efficiency rat- 
ings. Dynamically balanced 
sheaves .. . anti-friction bear- 
ings ... long-life Texropes— 
all help plug power leaks and 
assure low maintenance. 


YES! Saves Space! Space 
is worth money... now you 
can save from 2/3 to 3/4 of the 


\ valuable space ordinarily used 
bulkier transmissions. Dou- 


ble-shaft extensions let you 
place this compact, highly flex- 
ible unit in the most space-sav- 
ing spot to do the most effi- 
cient work ... at a cut in over- 
head costs! 


YES! Saves Money! Be 
sure you understand the full 
money-saving importance of 
the Allis-Chalmers Vari-Pitch 
Speed Changer! It eliminates 
the need for costly multi-speed 
motors or separate change- 
overs for each new speed. Be 
sure you know what it means 
to have a variable speed trans- 
mission that operates easily... 
instantaneously . . . economi- 
cally! Be sure you have the 
facts on this money-saving, 
profit-making performance! 

Send today for Bulletin 1266 
or call the district office near 
you. Find out how much you 
can save in Time... Power... 
Space... Money... by using 
the Allis-Chalmers Vari-Pitch 
Speed Changer! 
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cut to of ash- 


present a minimu 


of concern to the operators of A-E-CO Taylor Stokers. First se Taylor Stokers | 
usually deliver 90% of the ash to the ash pit; and second, because the particles which 


size more easily collectible. 
operating under normal conditions with no fly ash collection systems 


and expensive collection systems. in an representative and i vesti- 


gate this fact. American Engineering Eevipany: 


AMERICAN 


important factor of stac iscnarge an cost of reducing 

Taylor Stokers= 

Tess solids to air than other types of fuel burning equipment utilizing elaborate 
_Aramingo Avenue, Philadelphia. 
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e e CATALOGING THE COMPLETE LINE 
OF "CORRECTLY ENGINEERED” VALVES 
FOR MAXIMUM ECONOMY ON EVERY JOB 


While all the various types of Lunkenheimer 
valves and pipe line control devices required 
for the many widely divergent services through- 
out industry must of necessity differ substanti- 
ally in design, material, and construction, they 
all have one common denominator . . . a basic 
engineering superiority which is easily dis- 
cernible when you compare Lunkhenheimer 
products part-for-part with any other valve 
designed for like service. During the past 
months, therefore, we have used the pages of 
this magazine for the one purpose of highlight- 
ing those features of the principal items in our 
complete line which can readily be recognized 
as tangible evidence of improved design and 
construction... assurance of better, more de- 
pendable service on the jobs for which each 
is intended. 


It is this "engineered superiority" which more 
than anything else accounts for Lunkenheimer's 
greater ultimate economy. Whether it be a 


matter of guarding against failure where ex- 
perience shows trouble is most likely to occur, 
facilitating servicing to save you money on 
routine maintenance, or providing interchange- 
able parts to reduce stock room requirements 

. you can be sure that Lunkenheimer engi- 
neers have anticipated every possible factor 
to make your valve dollars go farther. 


SEEING IS BELIEVING 


We welcome, therefore, the opportunity pre- 
sented by this Directory Issue of Power to 
"catalog" for your convenience, these typical 
Lunkenheimer products ... all different in 
terms of service application, but identical in 
the kind of cost-saving service they are engi- 
neered to render .. . and invite you to follow 


our advertising in the regular issues of Power 
during the coming year as we similarly de- 
scribe the ‘engineered superiority" of addi- 
tional Lunkenheimer products. 


For complete and de- 
tailed information on all 
Lunkenheimer products, 
send for General Catalog 
78. We will include our handy "Guide," 
which makes selection easy by grouping 
valves, boiler mountings, and lubricating 
devices according to pressures, tem- 
peratures, and service applications. 


ESTABLISHED 1862 


THE LUNKENHEIMER C2: 


QUALITY’ 
CINCINNATI, OHIO. U.S.A. 


NEW YORK CHICAGO. 
BOSTON PHILADELPHIA 


EXPORT DEPT. 318-322 HUDSON ST.,.NEW YORK — 
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WRITE for a copy of 


the new Armstrong Steam 
Trap Book—it contains com- 
_ plete data on UNIT TRAP- 


1 TIME 
SAVINGS 


MEAT PACKER — Elliot Packing 
Co. of Duluth, Minnesota, is well aware 
of the fact that processing costs vary in 
almost direct proportion to time in 
process. For this reason, the Elliot pro- 
duction department became an ardent 
booster for ARMSTRONG UNIT 
TRAPPING when it was discovered 
that Elliot cooking kettles so trapped 
did as much work in 34 hours as had 
been done previously in 8 hours. 


CANNER — Bulman’s Ltd., Vernon, 
B. C., is a widely known plant for can- 
ning and dehydrating fruits and vege- 
tables in the famous Okanagan Valley 
of British Columbia. Modernization 
of this plant recently included a com- 
plete installation of ARMSTRONG 
UNIT TRAPPING. Formerly, it took 
10 minutes to bring 240 gallon kettles 
to a boil; now, they do it in 7 minutes 
—a 30% time saving! Handsome 
steam savings were also secured by 
eliminating blow-thru methods. 


ARMSTRONG MACHINE WORKS 
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into the cold kettle—pocketing a. 
condensate. 


FUEL 
- SAVINGS 


HOTEL—Mr. George Trail, Chief 
Engineer of the Lord Baltimore 
Hotel, of Baltimore, Md., has re- 
cently received wide-spread men- 
tion for a 2 year program of effici- 
ency engineering that cut steam costs 
13%. One of his important steps 
was to apply ARMSTRONG UNIT 
TRAPPING to all steam heated 
laundry and kitchen equipment. 


FACTORY HEATING — In 
answer to the question “How good 
is ARMSTRONG UNIT TRAP- 
PING for low pressure heating sys- 
tems?”, Armstrong’s Representative 
in Milwaukee reports on an installa- 
tion of some 26 small Armstrong 
traps for the Northwestern Store 
Equipment Corp. Exhaust steam is 
used for the unit heaters and wood 
drying kilns at a pressure of about 
24 Ibs. In the first year, the traps 
were credited with saving 170 tons 
of coal! 


be gher than. 
than a hot kettle. The result is back-flow 


Fig. |2— lets pi 


Heater A until enou 
air accumulates inside A to “reduce 
Te atio. a par v 


MAINTENANCE 
SAVINGS 


CERAMIC PLANT — “20 days 
per month for trap and pipe mainte- 
mance reduced to one day per 
month” is the report of the R. 
Thomas & Sons Co., Lisbon, Ohio, 
after installing 66 Armstrong traps 
to drain the individual coils of dry- 
ing rooms and other equipment used 
in the manufacture of porcelain in- 
sulators. 


SHOE FACTORY — Brown 
Shoe Co. has over 20 factory build- 
ings in and around the St. Louis 
area, and for years, have used Arm- 
strong traps for service above 15 Ibs. 
pressure. Some time ago, the Chief 
Engineer got a GOOD IDEA for 
cutting maintenance costs. He found 
that unit repair costs for his low 
pressure heating system traps were 
running considerably higher than 
for the Armstrong traps on harder 
service. By using Armstrongs for 
low pressure, he now gets low 
maintenance costs for all service. 


vit ime trap that 
posed to drain the unit being 
with stec Condensate a 


4 CAPITAL 
INVESTMENT 


LAUNDRY— In Honolulu, the 
American Sanitary Laundry recently 
found itself very much in need of 
more boiler capacity. It looked like 
an addition would have to be built 
on the power plant. Then 62 Arm- 
strong traps were put in on a com- 
plete UNIT TRAPPING program. 
Heating efficiency was improved . . . 
Steam leaks were stopped . . . And 
the boiler plant then had plenty of 
capacity without enlargement. 


FURNITURE MAKER — Union 
Chair Co. of Union City, Pa., makes 
a lot of wood chairs with bent backs 
—in fact, some time ago, business 
became so good that more bending 
presses were needed in a hurry. 
Somebody suggested that the exist- 
ing presses might do more work if 
UNIT TRAPPED with Armstrongs. 
The idea worked: formerly, it took 
60 minutes press time to bend a 
batch of backs; now, it takes only 
30 minutes. 


MAPLE STREET, THREE RIVERS, MICH. 


POWER e¢ Mid-December, 1940 


17 


| 
CIRCUITING IMPOSSIBLE WR RIGHT WAY COIL DRAINED INDEPENDENTLY OF SUPPLY LIN 
Fiq. 1—-A cold ket more> Be | n 
| 
| 
| 
| in 
} 
| 


we 


Large Chemical Plant 
Uses New Allis-Chalmers 
SILIMITE Treatment to 
Solve Difficult Silica 
Problem... Reduces Sili- 
ca from 46.4 ppm to 1.5 
ppm ... Cuts Treatment 
Costs: More Than 


FOR SEVERAL YEARS, a large 
American chemical plant was 
plagued with silica troubles — 
silica scale in the boilers... 
excessive blowdown . . . costly 
turbine blade scale deposits. 
Numerous treatments were at- 
tempted — unsuccessfully — in- 


cluding magnesium sulfate, iron 
sulfate, zinc sulfate, and alumi- 
num sulfate. Costs of these in- 
effective treatments were from 
four to six cents per 1,000 gallons 
of water treated. 


A Treatment That’s New, 
Different! 


Then, recently — SILIMITE 
was tried! Here was something 
new ... different . . . a way to 
remove silica externally in con- 
nection with the usual lime- 
soda softening process... a 
method that required no expen- 
sive equipment. 


A test was made. And in one 
hour, as shown on the chart, 
the rate of silica removal plum- 


meted from 46.4 ppm to 1.5 ppm. 
What’s more, there was no in- 
crease in total solids . . . and 
costs which had been four to 
six cents per 1,000 gallons with 
the old ineffective treatments 
dropped to 1.7 cents with Allis- 
Chalmers SILIMITE. 


Find Out About SIMILITE! 


That’s why, if you have a silica 
problem in your plant, it will 
pay you to get the story 
about SILIMITE, the new Allis- 
Chalmers proved silica treat- 
ment. To find out how it can help 
you, write for full details to Feed- 
water Division, Allis-Chalmers, 


Milwaukee, Wisconsin. A 1324 
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e@ Swartwout Feed Water Regulation unit, air 
actuated, with manual control — Municipal 
Plant, City of Cleveland, Ohio 


e High Pressure 
Heater Drainage 


Controls—Colum- 
bus & Southern De 
Ohio ElectricCo., j la 
Columbus, Ohio Fi 


Feed Water Pump Governors Feed Water Heaters 
Master Controls Reducing Valves Separators Exhaust Heads 


Plant Equipment: 
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Hundreds of industries depend safely on 
Swartwout Automatic Power Plant Controls 
to keep “defense” wheels moving... 


OW, more than ever before, your reputation for 

safe continuous operation and your ability to 
meet production entrusted to you depend on 
assurance of smooth dependable flow of power. How 
Swartwout Power Plant Equipment controls feed 
water, steam pressures and temperatures and banishes 
the anxiety of man-operated regulation, is a story it 
Pays every power engineer to know. 

Day after day, year after year, Swartwout Standard 
and Special Controls harness high and low pressures, 
marshall vital forces at low operating cost and enor- 
mous saving of time and worry. Unusual safety pro- 
visions applied in a thousand unique situations prove 
the sound flexibility which Swartwout Engineers have 
developed in over 35 years of painstaking research 
and application to the power field. 


e Swartwout t Metering 


Deaerating Heater, pins Ask any consulting engineer,and power men every- 
large storage 
Field, Denver, 


wry 
Colorade where — they take personal pride in their Swartwout 


Installations. Make a note right now to investigate 
Swartwout Equipment so that when you build new 
power facilities or revamp present plant you can make 
sure of greater safety and efficiency. 


The Swartwout Company 


») 18501 EUCLID AVE., CLEVELAND, OHIO 


e UPPER RIGHT: Emergency Bypass Valve, around 


closed heater. LOWER RIGHT: Combination Reduc- 


ing Valve and Desuperheater 
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LINDE PRODUCTS AND PROCESSES 


are used to modernize power systems 


and maintain them under increased load 


With increased production calling for more power-service 
capacity, the Linde processes shown here can help you 
keep your generating and distributing equipment in effi- 
cient condition to stand the load. They can help rebuild 
your system for increased capacity, with a minimum of 
shut-down time. They are extremely useful in the in- 
stallation of new power units and piping. 


FLAME-CLEANING 


Oxy-acetylene equipment can be 
used to remove scale from struc- 
tural steel, castings, or forgings— 
quickly and economically. Applied 
to metal before painting, this proc- 
ess helps prevent flaking of the 
paint at a later date. 


MACHINE FLAME-CUTTING 
This process makes possible the 
rapid and economical production 


of steel shapes from stock of practi- 
cally any commercially used thick- 
ness—or from stacks of plate. It is 
effectively used, too, for plate-edge 
preparation, prior to welding. For 
work on the job, small portable 
machines are available. For shop 
fabrication, larger stationary ma- 
chines are often used advantage- 
ously. This process is particularly 
valuable because you can avoid 
delays by fabricating what you need 
as you need it from stock steel. 


UNIONMELT WELDING 


This remarkable electric process— 
available only from Linde—makes 
high-quality, one-pass welds in thin 
or heavy metal at remarkable 
speeds, with no flash, glare or 
sparks. It is particularly well adapt- 


ed to production of derrick booms 
or other heavy structural members, 
fabrication of pressure vessels, fab- 
rication of large diameter pipe, and 
similar work. The “‘human ele- 
ment” is removed as a factor in get- 
ting good welds with Unionmelt 
welding, because once started, the 
weld progresses automatically, 


HAND-CUTTING 


This process is used for cutting 
structural members to length, for 
scrapping operations, for cutting 
off concrete reinforcing bars, for 
cutting pipe, and for producing 
small steel parts used in mainten- 
ance and fabrication work. With 
special nozzles, rivet removal by 
flame-cutting is made safer, faster, 
and less expensive. 


LINDE OXYGEN, HYDROGEN, NITROGEN » PREST-O-LITE ACETYLENE » UNION CARBIDE 


The words “Linde,” ‘Prest-O-Lite,”” “*Union,” “Oxweld,” ‘*Prest-O-Weld,” ‘‘Purox,”’ ‘Haynes Stellite,”” and ‘tUnionmelt” are trade-marks. 
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HEATING AND BENDING 


The intense, easily-controlled heat 
of the oxy-acetylene flame makes it 
valuable for bending, straightening, 
and forming. Wrinkle-bending, for 
example, produces smooth, sweep- 
ing pipe bends, without thinning 
the pipe wall or creating internal 
obstruction to flow. 


OXY-ACETYLENE WELDING 


Because the oxy-acetylene flame is 
the hottest known, practically any 
metals—similar or dissimilar—ecan 
be joined so that the welds are 
stronger than the base metals them- 
selves. This universal process saves 
hundreds of thousands of dollars 
annually in maintenance and re- 
pair work alone. 


LINDEWELD PROCESS 


Pipe or heavy plate can be joined 
by this process with impressive 
savings of time and materials. It is 
applied with an easily learned, spe- 


cial technique, using multi-flame 
welding heads. Welds in pipe joined 
by the Lindeweld process are strong 
and ductile — stay leakproof and 
maintenance-free indefinitely. 


GOUGING 


This relatively new Linde process 
rapidly cuts out a “groove” of sur- 
face metal, without harm to adja- 
cent areas. It is used for removal 
of faulty or temporary welds, for 
correction of structural defects, for 
alteration of design on forgings or 
castings, and to provide clearance 
for moving parts. Applied by ma- 
chine, gouging nozzles are valuable 
for plate-edge preparation. This 
easily used process saves hours of 
grinding or chipping and _ some- 
times salvages parts that otherwise 
would have to be scrapped. 


HARD-FACING 


Parts subjected to severe abrasion, 
impact, or corrosion can be made 
to last many times longer by apply- 
ing Haynes Stellite alloys to the 
wearing surfaces. 


OXYGEN LANCE 


To quickly sever extremely heavy 
sections of iron or steel—to remove 
gates or risers from heavy castings 
—the oxygen lance is used with con- 
siderable savings in time and money. 


and 


30 E. 42nd St., New York, N. Y. 


can help you use them 


Linde can supply all your oxy-acetylene needs—oxygen, 
acetylene, carbide, apparatus, and supplies—wherever you 
operate. By buying from Linde, you can centralize your 
source of supply and thereby effect important savings. 

Even more important, Linde can furnish customers prac- 
tical, on-the-job help in applying the processes shown here 
successfully, and can help hold down process costs. 

If you want to know more about these processes, or about 
Linde’s ability to help you use them to save time and money, 
in both power and production operations, ask Linde. 


THE LINDE AIR PRODUCTS COMPANY 


Unit of Union Carbide and Carbon Corporation 


UCC) 


In Canada: Dominion Oxygen Company, Limited, Toronto 


Offices in Principal Cities 


OXWELD, PREST-O-WELD, PUROX APPARATUS * OXWELD SUPPLIES - UNIONMELT WELDING 
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LWIN FURNACE 


Separate Superheater 


450,000 lb. per hour 
1,550 lb. per sq. in. 
950 deg. F.S. T. 


Twin furnace design showing 
steam generating furnace at right. 
with gases passing over boiler 
tube surface; superheater furnace 
at left, with gases passing over 
| SUPERHEATER convection superheater surface. 
| Steam from boiler drum flows 
down through radiant superheater 
| slate tubes to a header at the bottom of 
| FURNACE BOILER setting, then up again through al- 
| FURNACE ternate rows of tubes to the top 
| where it enters the convection 


CONVECTION 
BOILER superheater. Gases from both 


| 

| SUPERHEATER furnaces join before passing 
| 

| 

| 


through the economizer and air 
preheater. 


oS By dividing the furnace volume 
into two furnaces using radiant- 
heat-absorbing division walls, ad- 
ditional furnace cooling surface 
has been installed. This division 
adds two walls with an increase 
> of 25 to 30 per cent in water 
cooled surface per cubic foot of 
furnace volume. 


OUTLET 
HEADER 


24 POWER e¢ Mid-December, 1940 


i 
|| 
| 
| 
% = =; - 
| = 
ag | = | 
| | 
* = = | 
| 
| 
| BURNER 
‘tie 
« 
| 
| 
| 
. 
> 


STEAM GENERATORS 
Furnace Type 


Four twin furnace steam generators of this type are 
now under construction for prominent central stations, 
requiring high pressure, high temperature and wide 
range of output. Their essential characteristics include: 


1. More water cooling in furnace: 


Minimum slagging in boiler and superheater 
Lower servicing cost 
Higher furnace efficiency 


y a Superheat control over full Load-Range: 


Constant steam temperature over entire load range 
Higher turbine efficiency at lower loads 


3. No firing of superheater furnace while starting up: 


Shorter time onto line 
No cooling device for superheater 


F OSTER WHEELER CORPORATION 


165 Broadway, New York, N. Y. 
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Stellite Trim. 
at 900 F. Toggle 
ted. 


FIG, 531-P. Bronze Globe 
Valve Full plug ~ stainless” 


steel seat and: disc, Neat 
“treated to 500 Brinell hard- 
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OW more than ever, you have 
to meet the call for uninter- 
rupted—and low cost K.W. pro- 


duction. 


We believe our Engineers can 
be of real service to you when- 
ever valves are considered. There 
is scarcely a phase of present day 
operations with which they are not 


in intimate touch. 


The valves illustrated are but a 
few of the many in our line availa- 
ble for every power plant require- 
ment. So, whenever valves are be- 
ing discussed, you will find it well 
worthwhile to get a recommenda- 
tion from Reading-Pratt & Cady. 
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FOR THESE 
TWO DIESELS 


the waste of frequent 
changes, carbon and sludge 
was proved needless by... 


TYCOL DIESEL OIL 


"The power for our plant is supplied by two 45 h.p. 
Diesel engines,” this engineer explained. “These are 
lubricated with Tycol Diesel Oil, an oil we have been 
using for almost 3 years. We feel that it is doing an 
outstanding job.” 

“The room temperature is usually around 120°. 
This, plus the fact that the Diesels are running with 
an almost capacity load for 14 hours a day, demands 
an exceptionally good oil. We have found that ordi- 
nary oil under such circumstances breaks down and 
runs like water. We would get overheating with dam- 
age to cylinders and bearings.” 

“With Tycol Oil we now find on opening the engine 
that the rings are not stuck with hardened carbon 
and are not difficult to replace. We also find that the 
crankcase is almost entirely free from sludge in spite 
of the tough lubricating job.” 

Regardless of operating conditions, on Diesels large 
or small, Tycol Diesel Oil is the answer. It assures 
maximum performance per gallon of lubricant. Our 
representatives will be glad to assist you in selecting 
the proper Tycol Oil “engineered to fit your needs.” 
Write for full details. 


TIDE WATER ASSOCIATED 
OIL COMPANY 


EASTERN DIVISION 
17 Battery Place ° New York, N. Y. 


Regional Offices: Boston, Philadelphia, Pittsburgh, Charlotte, N. C. 
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Marley engineering has made the cooling tower's 
advantages and savings available to an almost un- 
limited range of applications from very small to the 
largest. Marley’s well known structural, mechanical 
and operating characteristics bring owners un- 
equalled performance, dependability and long life. 


ATMOSPHERIC SPRAY TYPE A For cooling engines, 

compressors, condensers, etc. Also equipped with 

coils for closed-system or ‘“‘indirect’’ cooling. 

also: ATMOSPHERIC DECK TYPE TOWERS for all heavy industrial 
water cooling services. 


and: SPRAY PONDS and all accessories including louvered fence 
for prevention of wind drift. 


“DOUBLE-FLOW” INDUCED DRAFT @ For extremely h 
water cooling and steam condensing loads. 


“STANDARD” INDUCED DRAFT A For any capacity in any 
kind of service. Redwood or steel. 


Marley Non-Clog SPRAY NOZZLES 


with Patented Side-Injection 
ALL TYPES for Air Washers, Brine 
Spraying, Atmospheric Condensers, 
Cooling Towers, Humidifying, Ice- 


Melting, etc. Many sound reasons why 
they lead in sales and installed capacity. 


And Now a Great New Line of Natural-Draft Units 


at Prices Even Lower Than ‘‘Home Made’’ Devices— 
for Cooling Engines, Compressors, Condensers, Molds, Etc. 


Here is the new Marley “Series 100”—all factory built in a 
complete range of sizes 
—carried in stock for 
immediate delivery — 
fully guaranteed for 
quality and perform- 
ance—and backed by 
a well-known, respon- 
sible engineering and 
manufacturing organi- 
zation, the largest and 
most widely experi- 
enced in the business. 


RETAILS AS LOW AS 


00 


COM- 

PLETE 

FREIGHT: PAID 


THE MARLEY CO., 3001 FAIRFAX RD., KANSAS CITY. KANS. 
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quickly, and with: ractically no 


Stoker at Republi¢ Rubber carries a widely fluctuating pro- 
cessing load in its entirety and all of the turbine load as 
well. But let the figures tell the story. The larger chart 
shows the steam flow for processing purposes only. Note 
the fluctuations just after 7 o’clock, the big jumps at 9:15, 
10:30, 11:30, and just after 3. Then look at the left hand 


Installed with a 4 drum. s W. boiler in 1938, the Stowe chart. Its 


_* * GIVE YOU MORE STEAM FROM LESS COAL « + 


shows that the boiler pressures 
constant in spite of these wide load fluctuations. TY 
kind of operation Republic Rubber and other owners are 
getting with their Stowe Stokers. ip : 


Featuring a unique construction that is entirely different. 
from underfeed or chain grate design, Stowe Stokers main- 
tain the fuel bed at even depth side to side and front to rear. 
Stowe Stokers minimize draft problems and avoid forma- 
tion of objectionable clinkers, permitting extremely rapid 
load swings. They eliminate “fall-offs” for fire cleaning and 
exposure of bare grates. High rates of burning and high 
efficiencies are secured at all ratings. They produce more 
steam, cheaper. 


We will welcome an opportunity of proving these claims, 
or better yet, take advantage of our offer to arrange inspec- 
tion trips and see for yourself, first hand, what Stowe 
Stokers are doing, and how thoroughly they are doing it. | 


THE JOHNSTON & JENNINGS CO. 


878 Addison Road 
CLEVELAND, OHIO 
Engineering and Sales Representatives in 
New York « Pittsburgh « Kansas City « St. Louis 


DETROIT CHICAGO 
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‘RELIANCE 
SAFETY TEAM 


How the Reliance Safety 

Team assures efficient 
hoiler water levels and : 
uninterrupted operation | 


ik 


i 


The powerful, highly buoyant Reliance 
Floats of fused monel are sensitive to 
slight water level variation — assure pos- 
ative response. 


«x 


Reliance Accessories include Spring Gage 
Cock, Bronze Gage Valve, Prismatic Gage 
Insert, Micasight Gage Insert, Forged 
Steel Gage Cock, Forged Steel Gage Valve 


PATENTED 


\® 
Xe, 
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VEN though you may have the “last word” in boiler 
feed water control, boiler codes and your common 
sense dictate the need for extra checks on water levels 

— the efficient sound and sight checks you get with 

Reliance Devices. These sentinels help you to save 

every minute of valuable production time—help prevent 

plant shut-downs and expensive accidents. e Reliance 

Boiler Alarms act instantly to warn of water levels dan- 

gerously low or high — safeguard lives and equipment. 

EYE-HYE saves time and steps, modernizes gage reading 

by bringing it down to instrument panel convenience. 

e Since 1884 the aggressive Reliance engineering policy 

has kept pace with modern trends in materials, steam 

pressures and temperatures —has maintained Reliance 
leadership in Boiler Safety Device manufacture. e The 
busier you are these strenuous days the more it pays you 
to keep power flowing, and protect your reputation for 
efficient low-cost power plant operation. Write today for 
full information. . . . THE RELIANCE GAUGE COLUMN 
COMPANY ...5902 CARNEGIE AVE... CLEVELAND, OHIO 
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Reliance 


EYE-HYE for 
precise reading 
of heater tanks 
and other vessels 


TRADE MARK REG. IN U. S. PAT. OFF. 
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REPRESENTATIVES IN PRINCIPAL CITIES TO SERVE YOU 
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FRED ALLEN in a full- hour 
program every Wednesday 
night. CBS, 9:00 E.S.T., 8:00 
C.S.T.,10:00 M.S.T.,9:00P.S.T. 


TEXACO DEALERS INVITE YOU TO ENJOY 


METROPOLITAN OPERA 
every Saturday afternoon, 
NBC. See local newspaper 
for time and station. 


THREE DE LAVAL Steam Turbine pumping units in Tampa 
(Fla.) Water Works. Formerly, the lubricant replaced every 
4 years, but now increased to 8 years since changing to 
TEXACO REGAL OIL C. 


OU, TOO, can get similar results in your tur- 
bines. Trained lubrication engineers will gladly 
cooperate in making savings with Texaco Regal Oils. 
Phone the nearest of more than 2300 Texaco ware- 
housing points in the 48 States, or write: 
The Texas Company, 135 E. 42nd St., N. Y., N. Y. 
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OU don’t trade in a combustion 

control system every year or two, 
so look ‘“‘under the hood” when you 
do buy one. Hagan control panels grace 
the boiler rooms of leading power 
plants everywhere, but it is the engi- 
neering craftsmanship behind those 
panels which maintains the Hagan rep- 


HAGAN CORPORATION 


utation for consistent, reliable per- 
formance under severest operating 
conditions. 

Hagan Controlis precisely engineered 
from master sender to the tiniest link 
in the system. Many original Hagan 
installations, now more than 20 years 
old, are still operating efficiently. The 


- 300 ROSS STREET 
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same basic principles on which they 
were constructed are utilized in the 
newest, most advanced Hagan systems 
—proof of the engineering soundness 
that characterizes all Hagan equipment. 

When you buy a combustion control 
system, therefore, look “under the 
hood.” Investigate the workmanship 
behind the panel board, the operation 
and construction of the equipment to 
be used and buy the system you can rely 
upon, not for a year or two, but for a 
decade or more. Yes, look “under the 
hood” and then buy Hagan! 


PITTSBURGH, PA. 
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Rear view of a Hagan control panel before instruments are 
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Durable and unusually efficient, these J-M Power 
Products last longer with less maintenance... 
give improved performance wherever used... 


ON BOILERS... 


Where insulation is required to re- 
sist temperatures between 600° and 
1900°, J-M Superex Blocks are ideal. 
Even under severe operating con- 
ditions, this durable material gives 
long, efficient service... offers 
maximum protection against costly 
heat losses. Use L-W Superex up to 
1500° F.; H-T Superex between 
1500° and 1900° F. 


FOR LINES 
UNDER 600° 


... You save money 
by using J-M 85% 
Magnesia Pipe Insu- 
lation. For many 
years the standard 
insulation for steam 
lines, it combines 
light weight with 
high insulating effi- 
ciency. 


JM 


PRODUCTS 


ON SUPERHEATED 
STEAM LINES... 


The new Johns-Manville 
L-W Superex provides an 
effective safeguard against 
excessive heat waste. Re- 
cently developed by the J-M 
Laboratories to meet the 
need for a more efficient 
high-temperature pipe in- 
sulation, it offers exceptional 
heat resistance and unusual- 
ly high insulating value. 


FOR LOW TEMPERATURES 


- -- J-M Rock Cork has been giving 
low-maintenance service for more 
than thirty years. Supplied in both 
sheet and pipe-covering form, it is 
basically mineral . . . does not burn, 
rot or decay. Unusual moisture- 
resistance assures permanently high 
insulating efficiency. 


at 
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AGAINST STEAM, AIR, 
BRINE, OIL... 


J-M Sea Ringsare ideal for rods 
and plungers. Entirely automatic, 
they seal on work stroke, release on 
return .. . minimize rod wear. 
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ON FLANGES... 


and other parallel surfaces, it will pay 
you to use J-M Service Sheet. It is 
dense, yet resilient... always uniform 
in quality. Stocks may be carried in- 
definitely, for it does not deteriorate 
with age. 


FOR SPECIAL SHAPES... 


Cast your own shapes with J-M 
Firecrete. Air-sets, handles like con- 
crete, forms any shape. Also ideal 
for poured door linings. 3 types: 
Standard (2400°), High Temp. (2800°), 
Light Weight (2200°). 


FOR BOILER HANDHOLES 
AND MANHOLES ... 


J-M Kearsarge Gaskets form perfect 
seals every time. Made of specially 
treated Asbesto-metallic cloth, they 
assure long life, low maintenance. 


PRODUCTS 


FOR BONDING... 


You get strong, tight joints with these 
J-M Refractory Cements: Hellite, 
air-setting—for bond or cushion 
joints; No. 31, heat-setting—for bond 
or cushion joints; No. 32, heat-setting 
—for brick-to-brick joints. Hellite and 
No. 32 also used for washcoating. 


& 


These well-known J-M mate- . 

rials are saving money for 

thousands of plants all over the | 

country. The materials shown 

on these pages represent only 

a small part of the complete 

J-Mline of Power Produets, You 

should have full detailson them 

all. Write for catalog GI-6A. 

Address Johns-Manville, 22E. 

40th St., New York, N.Y. / 
4 
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Pumps 


Boiler Feed and General Service 


Multi-stage boiler-feed pump capacities range from 
20 to 3000 gpm and pressures up to 3000 lbs. Other 
‘special purpose pumps are available for hot-well and 
circulating service. The Motorpump is one of the 
many I-R general service pumps for power plant use. 


I-R high efficiency surface and barometric con- 
densers are the acknowledged standard of the 
power industry. Sizes up to 160,000 kw. Ingersoll- 
Rand also builds single and multi-stage steam jet 
ejectors. 


Ingersoll-Rand compressors are available in all sizes and types 
for direct-connected or belted motor drive. There are also many 
sizes with built-in steam, Diesel, or gas power cylinders. Two- 
stage air-cooled portable units are available in all standard 
sizes and mountings with either gasoline or oil engine drive. 
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ACH I-R unit is the result of careful research and long manu- 

facturing experience—into each is built those features which 

protect the reliability of your operating setup and add to its 
economy and efficiency. 

In selecting I-R equipment, you have the satisfaction of 
buying from power plant specialists. Your choice will be made 
from a complete line of up-to-the-minute products—each of 
which has established its claim to leadership. The local I-R 
representative has the full facts, and his knowledge and 
experience will help you in selecting the correct units for your 


installation. 


Type S Vertical Diesel, 3 to 8 cylinders, 190 to 
510 bhp at 600 rpm; Type SG Convertable Gas- 
oil Engine, 190 to 510 bhp; Gas Engines, 185 to 
650 bhp. All are built and rated for continuous 


I-R turbo bl i 
urbo blowers are made in pena 


sizes from 3 to 12,000 hp, for 
handling air or gas at all indus- 
trial pressures and in volumes 


up to 100,000 cfm. 


The I-R Impact Wrench has no equal for re- 

moving or applying nuts, staybolt caps, studs, 

etc. Other I-R pneumatic tools include com- 

fy 3 plete lines of hoists, drills, grinders, chipping 


and riveting hammers, as well as all sizes and 


types of rock drills and paving breakers. 


Birmingham Detroit Philadelphia | 
Boston Duluth Pittsburgh 
Buffalo El Paso Salt Lake City 
Butte Knoxville San Francisco 
Chicago Los Angeles Scranton 
Cleveland Newark Seattle 

Dallas New Orleans St. Louis 

Denver New York Washington 


Branches or distributors in princip le 
cities the world over 


London Tokyo, Valparaiso 

Paris Lima Riode Janeiro 
Madrid Santiago Sao Paulo a 
Vienna Buenos Aires Brussels : 
Johannesburg Montreal Bombay 

Calcutta Mexico City Stockholm . 


Havana 834.44 
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CENTRALIZED CONTROL FOR 
CONTINUOUS OPERATION 


Here’s control that’s the “brains” of a mid-west 
coal-washing tipple. If any one drive should shut down, 
stopping a conveyor, shaker, or pump, all drives sup- 
plying coal to“this point will be shut down automati- 
cally to preventacostly “‘pile- 
up.” G-E combination starters 
do the job by special inter- 
locking. Centrally located, 
they make it possible to 
quickly return the plant to 
operation when the trouble 
is cleared. User claims they’re 
safer and cost less to install 
than separate devices. 


KNO 


UTO 


1 


bination 
circuit switch 
and fuses 
breaker) 


4 - 
starter with overload pro 


a single 


teclfety-interlocked enclo 
sure. 
No waste motion for this printing-press operator 
as he jogs the roll. A conveniently located push-button 
station eliminates lost motion in set-up operations— 
frees the press for extra hours of running time each day. 
This is an example of the many ways that a simple 
control device, properly 
applied, can make possi- 
ible substantial savings 
over a period of years. 
Perhaps you, too, have 5 
motor-driven equipment sive 
that would be more efh- inexpen vty 
New a-d 

cient if controlled from grande! ton 
more than one point. easy 

—ma it 

nstall ghe 

\ ow ym 

cost- 


INCREASED PRODUCTION REQUIRES THE EFFICIENCY AND SAFETY. 
. OFFERED BY MODERN AUTOMATIC CONTROL 


KNOW YOUR OUTPUT—PUT IN A PHOTOELECTRIC RELAY 


A progressive valve manu- 
facturer put a _ photoelectric 
relay on each of the many 
assembly tables to record 
output by means of a mag- 
netic counter. Perhaps such 
a control could help you 
keep track of production. 
The counter can be located 
in your office. 


A Chicago valve manu- 
facturer until recently “ground 
in” valve stems and seats by 
having each machine oper- 
ator the 30-second 
operation from a clock. In- 
stalling automatic timing 
made clock watching unnec- 
essary — produced a more ac- 
curate product, and allowed 
the operator to perform other 
operations during the 30-sec- 
ond interval. 


INSTALL A LIMIT SWITCH—IT NEVER 


Wasting material by under- 
or over-filling the bobbins 
is impossible on this textile 
spinning frame. When _bob- 
bins are filled just right, the 
rail trips the limit switch, 
shutting off the machine until 
the operator can change bob- 
bins. Perhaps this is a tip that 
can save you material and time. 


GENERAL ELECT 


MUTOMATIC PRO 
TIMING BOOSTS — SAVES 
are of OF — | 
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COMBUSTION ENGINEERING 


COMPANY, INC. 
200 MADISON AVENUE, NEW YORK, N. Y. 
Canada: Combustion Engineering Corporation, Ltd., Montreal 


Briefly presented here is the most extensive line of boiler, fuel- 
burning and related equipment offered by any manufacturer. 
It meets every capacity requirement from 1,000 to 1,000,000 lb of 
steam per hr. Detailed information is contained in separate 
bulletins which are available on request. 


of two units installed in a Public 
to produce 80,000 Ib of steam per hour 
775 F temperature. 
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BOILERS 


C-E Sectional Header Boiler—Built in sizes to suit the requirements of 
commercial practice. The sinuous headers are forged from seamless steel 
tubes. The ends of the headers are closed by a patented construction which 
assures strength and tightness. The hand-holes have machined inside faces. 
Fusion welded drums. 


C-E Heine Box Header Boiler—Built in cross-drum and longitudinal- 
drum types ranging in size from 1000 to 12,000 sq ft of heating surface, and 
for pressures up to about 300 lb per sq in. Especially suited for limited 
space conditions and low headroom. 


C-E Bent Tube Boilers—The most complete line of bent tube boilers 
offered by any manufacturer. Includes two, three, four and multi-drum 
types, which collectively range in size from about 900 sq ft of heating surface 
up to the largest ever built. Available for any desired pressure and adaptable 
to the installation of superheater surface for any practical steam temperature 
requirements. The standard lines include 3-drum types of both low head 
room and conventional designs, and a 4-drum group incorporating unique 
design features which mark it as outstanding in its class. Standard 2-drum 
boilers in sizes below and in the lower range of the Type VU Steam 
Generator are designed principally for stoker or oil firing. Many of the most 
notable modern boiler installations are C-E Units. Eight of the ten steam 
generating units in the world capable of producing a million or more pounds . 
of steam per hour are C-E Units. 


C-E Fire Tube Boilers—A complete line of standard fire tube boilers of 
various types, including stationary, semi-portable and waste heat designs. 
Also the C-E Nuway Boiler, an hrt type which features an effective circu- 
lation control attained by interior baffling. 


C-E Waste Heat Boilers—Built in various straight tube and bent tube 
designs. Water tube and fire tube types. Also forced circulation types 
for recovery of heat from exhaust gases of internal combustion engines. 


SUPERHEATERS 


Elesco Superheaters—For every superheat application, including integral 
designs for stationary boilers of all kinds, separately fired types for process 
work and similar purposes, and girth types especially suited for hrt boilers. 
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Capacity—6000 Ib per hr. Design Press. —150 Ib. 
: Q-E Fire Tube Boiler Yn 
Design Press.—150 tb. 
f a tility Plant. Designed One of two duplicate units installed in a Chemical © One of two similar units installed for a ; 
Plant. Capacity—30,000 Ib per hr. Oper. Press. Capacity —75,000 Ib per hr. Des’gn Press. 
200 Ib. Steam Temp. —508 F. 
{ 


COMPLETE STEAM GENERATING UNITS 


C-E Steam Generator (Type VU)—A complete unit embodying all the 
elements required for efficient steam generation in a simple compact arrange- 
ment. Built for capacities from 30,000 lb per hr up to approximately 300,000 
lb. Applicable to both industrial and utility plants. 


Complete C-E Units—Comprising any combination of boiler, furnace, 
firing equipment and auxiliaries in coordinated overall designs exactly suited 
to specified conditions. 


C-E WATER-COOLED FURNACES 


Extended surface, plain tube and Elesco bifurcated types are available. 
Tubes may be cleaned in the same manner as boiler tubes. Exposed surfaces 
give maximum heat absorption. Insulating materials and casings are sup- 
ported or suspended independently of tubes. In stoker-fired installations, 
those portions of the lower wall surfaces which are subjected to direct contact 
with the fuel or ash may be covered with heavy gage finned tubes. 


PULVERIZED FUEL EQUIPMENT 


C-E Pulverized Fuel Systems are available in either direct-fired or storage 
types, in sizes ranging from those suitable for the smallest boilers for which 
the application of pulverized fuel is practicable up to the largest. The 
C-E Raymond Bowl Mill is applicable to either system. It employs an 
improved adaptation of the roller principle, which results in an efficient, quiet, 
reliable pulverizer having a wide range of capacity with uniform fineness of 
product. The C-E Raymond Impact Mill is used only with the direct-fired 
system. It is a high speed mill of simple, rugged design and is especially 
suitable for smaller installations. C-E Burners are available in various 
designs for firing vertically, horizontally or tangentially. Horizontal and 
tangential burners may be fitted to burn oil, gas or coal, alone or in com- 


bination. 
STOKERS 


The C-E stoker line is the most complete offered by any manufacturer. 
It comprises virtually all types in general use today, such as single and mul- 
tiple retort underfeed, traveling grates of both chain and bar types and the 
spreader type stoker. ... Among the underfeeds are the C-E Skelly, the 
Type E and the Low Ram which are widely known, nearly 5000 having been 
installed in the U.S.A. alone. These types are collectively suitable for boilers 
ranging from about 20 rated hp up to the largest. The traveling grates 
include those known by the trade names Corre and Green and are applicable 
for boilers from about 150 rated hp up. The C-E Spreader Stoker is suitable 
for boilers from about 100 rated hp up. There is a C-E stoker or stokers 
for every solid fuel suitable for stoker use—anthracite, bituminous, coke 
breeze and lignite. 


HEAT RECOVERY EQUIPMENT 


Elesco Economizers—Extended surface and plain tube types built in both 
the continuous loop and accessible designs. The use of bifurcated tube 
design reduces the number of joints on the latter type by half. 


Air Heaters—Both C-E plate and tube types are available. 
FABRICATED PRODUCTS 


C-E shop facilities, unexcelled by any in the country, are entirely adequate 
tor the fabrication of all kinds of pressure and vacuum vessels, welded or 
riveted, in carbon, alloy or clad steels; also prepared to handle all classes 
of tank and plate work. val 
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“PHILLIE GEAR WANTS 
TO TALK TO YOU 

ABOUT THIS WORM 
REDUCER DESIGN...” 


“-WELL, HIS 
SUGGESTIONS 
USUALLY CHANGE 
A PROSPECT INTO 
A CUSTOMER.” 


To men versed in speed reducer applications, the inherent benefits in the Philadel- 
phia Worm Gear Reducer design become apparent almost immediately. 


To men versed in speed reducer operation, the superiority becomes evident the 
moment power is applied. The smooth operation tells them of the precision cut 
worm and gear mounted for exact accuracy. 


To men versed in the maintenance of speed reducers, the wisdom of choosing Phila- 
delphia becomes obvious from its trouble-free service. Anti-friction bearings 
. .. Sturdy, cast iron housings . . . adequate lubrication tell the story. 


Latest Worm Gear Reducer catalog awaits your request. It 
shows construction details, dimensions and engineering facts. 


PHILADELPHLA GEAR WORKS 


oes m Industrial Gears and Speed Reducers 


ase Erie Ave. and G St. 
yPhiladelphia, Pa. 


New York © Pittsburgh * Chicago 
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SINCLAIR REFINERIES 


are leaders in the development 
of specialized lubricants to meet 
the requirements of modern in- 
dustrial installations. For the 
Power House there are... 


Y 


..- SINCLAIR STEAM 3 
CYLINDER and VALVE = 


OILS suited to the particular 
pressure, temperature and mois- : 7 
ture conditions individual to a 
your engines. Economy of oper- 
ation and maintenance depend 
upon the correct oil. Sinclair 
has it. Sinclair engineers will s 
gladly confer with you about 23 
the use of correct power house , 
oils for your plant. Write the 
nearest Sinclair office or Sin- 
clair Refining Company, 630 
Fifth Avenue, New York, N. Y. 


v v 


(left) EQUIPMENT IN CITY WATER 
WORKS, OWOSSO, MICHIGAN. 
Steam Cylinders of this engine 
have been lubricated for past 6 
years with Sinclair Superheat 
Valve Oil. 


Write for “The Service Factor”, a free 
publication devoted to solution of 
lubrication problems. 


SINCLAIR REFINING COMPANY (Inc.) 2 


2540 W. CERMAK RD. CHICAGO + 10 W. Sist St. NEW YORK * 1907 GRAND AVE. KANSAS City » 573 W. PEACHTREE ST. ATLANTA + FAIR BUILDING, FT, WORTH 
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MURRAY 


‘‘Packaged’’ Turbine Generator Units 


Murray “Packaged” Turbine Generating Units are the answer to the problem of mod- 
erate electric generating loads demanding economical solution. 


These rugged, dependable Murray “Packaged” Turbine Generating Units— 


—supply economical electric power 

—fit into limited space 

—have the generator control at the generator 
—eliminate the need for switchboard 


The above photograph showing a 100 kw Unit built for an institution is a typical 
example. 


There is a size and type available to meet your requirements. 


Have our district representative or home office show you how these Murray “Pack- 
aged” Generating Units will save you money. 


MURRAY IRON WORKS COMPANY 
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BURLINGTON. IOWA 
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FIRING 


WITH 


The Multiple FYR-FEEDER Stoker has changed complicated boiler firing to 
simplicity itself. Exclusive, proved, efficient features—few working parts, 
all slow-moving—most effective, dependable design—new economy that 
materially cuts former coal burning costs. 


Here's how each FYR-FEEDER unit works.—The coal is drawn mechani- 
cally from a large hopper to inclines inside the furnace. The coal then 
rolls down these inclines into air streams under light pressure. Thus, coal 
is “air-cleaned" and coal dust is "sprayed" and instantly burned in suspen- 
sion by the air which sprays it. The balance of the coal is spread along 
the length of the forced draft grate according to weight-size of each piece. 


Fire cleaning is easy and takes only a few minutes. FYR-FEEDER Stokers 
are always built with two or more individually-controlled FYR-FEEDER 
Spray-Spred units so that coal feeding on one side of the grate can 
be stopped, permitting the coal on that side to burn out completely 
before cleaning or dumping the ashes from that side of the grate. While 
cleaning fires on one side, the feeders on the other side are SPRAY- 
SPREDing coal to maintain steam pressure. 


Spray-Spred capacity of each unit varies according to size and speed 
and will deliver and Spray-Spred coal up to as much as 500 developed 
‘horsepower per unit. Thus, 10 FYR-FEEDER units can be supplied to handle 
a 5000 horsepower load. Grates may be Stationary, Dumping or Chain 
Grates (where continuous ash removal is wanted). FYR-FEEDERS may 
be set directly over fire doors or as much as 10 feet or more 

above grates. 


Learn what the Multiple FYR-FEEDER'S simplicity and most 
yr-Keeder § | M PLI C TY natural way of firing coal will do for you. Many hundreds of these 
gives you many benefits FYR-FEEDER Spray-Spred units are proving daily that the best 


a and simplest way to fire any boiler efficiently is to fire coal by 
coomnaanadin-agauadape SPRAY-SPREDing it over a forced draft fire on a grate. 
it spray spreads the coal over grates 


is power to operate AMERICAN COAL BURNER COMPANY 
twer maintenance costs 155 E. Superior St., Chicago, Ill. 


duced steam costs Builders of Over-feed Stokers for Over 22 Years 
urns lowest price coal and smallest sizes 


tes cleaned quicker 
hnking losses reduced 


adily adaptable to various 
pes of boilers 


‘CLEANING all of the coal, in- 
¢ the furnace, insures a freer 
supply to the coal being burned 
the grates. 

the FYR-FEEDER furnace, two 
inet combustion zones are main- 
ted—one for burning the larger 
es of coal, and one for burn- 
the fines and dust in suspen- 
each with its own individual, 
parately-controlled air supply. 


MULTIPLE 


REDUCES COAL BILLS 


WwW 
F MODEL R 4072 
CAPA 
CONTROLS 
S 
BURNS CHEAPEST COAL SIZES 


Steam 
Generated 


690,000 
K.W. per hr. 


(High Pressure Units Only) 


Capacity 


S00°F. to 950°F. 


Temperature 


Conditions 


1240 to 2200 th. 


Pressure 
Range 


13 CONTRACTS 
Awarded 


A YEARS 


1936 
to 


1940 


The Figures given above show the confidence placed by consulting engi- 
neers, central station and industrial plant engineers and operators in this 
organization’s ability to design, prefabricate and erect piping, regard- 
less of the size of the job. The Kellogg Company has also prefabricated 
and erected many piping jobs ranging from 200 pounds pressure up. 


Call in this organization the next time you have a piping project. 


LOS ANGELES: 609 SOUTH GRAND 
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THE M. W. KELLOGG COMPANY - JERSEY CITY, NEW JERSEY - 225 BROADWAY, N. Y. 


REPRESENTATIVES 


“Masterflex”’ Prefabricated Piping Systems * 
vessels for Power, Refinery and Chemical industries. Heat Exchangers. Pyralytic 
and Catalytic Cracking Units, Reforming, Dehydrogenation, Alkylation, De- 
suiphurization. Thermal and Catalytic Polymerization Units * JUIK Processes 
for Lubricating Oif Plants. Plastic Refractories * Radial Brick Chimneys. 


TULSA: PHILTOWER BLOG. ~- 
“Masterweld” pressure 


| 
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A W-K-M MASTER SCRUBBER FOR CLEANING EXHAUST STEAM IN A 30" % 
LINE IN A PLANT OF ONE OF THE LARGEST AUTOMOBILE MANUFAC- ; 
TURERS ... ORDERED AS A RESULT OF THREE YEARS' EXPERIENCE WITH 
ONE IN A 20" LINE. 


*They also clean air, gas and high pressure 


steam equally well in lines !/," to 60" in 
diameter, at vacuum to 3000 lbs. pressure. 


(PLEASE PRINT) 
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